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COMPOSITIONS FORMANIPULATING THE LIFESPAN AND STRESS

RESPONSE OF CELLS AND ORGANISMS

5 Cross-reference to related applications

This application claims the benefit of U.S. Provisional Application No. 60/483,949,

filed July 1, 2003 and U.S. Provisional Application No. 60/532,158, filed December 23,

2003, the content ofboth ofwhich is specifically incorporated by reference herein.

10 Background

There is now good evidence from model organisms that the pace of aging can be

regulated^ Longevity regulatory genes have been identified in many eukaryotes, including

rodents, flies, nematode worms and even single-celled organisms such as baker's yeast

(reviewed in^'^). These genes appear to be part of an evolutionarily conserved longevity

15 pathway that evolved to promote survival in response to deteriorating environmental

conditions*'"*. The yeast S, cerevisiae has proven a particularly usefiil model in which to

study cell autonomous pathways of longevity regulation^. Li this organism, repUcative

lifespan is defined as the number of daughter cells an individual mother cell produces

before dying. Yeast lifespan extension is governed by PNCl, a calorie restriction (CR)-

20 and stress-responsive gene that depletes nicotinamide, a potent inhibitor of the longevity

protein Sir2. Both PNCl and SIR2 are required for lifespan extension by CR or mil4

stress^'^ and additional copies of these genes extend lifespan 30-70% Based on these

results we proposed that CR may confer health benefits in a variety of species because it is

a mild stress that induces a sirtuin-mediated organismal defense response^.

25 Sir2, a histone deacetylase (HDAC), is the founding member of the sirtuin

deacetylase family, which is characterized by a requirement for NAD'*' as a co-substrate^"^^.

SIR2 was originally identified as a gene required for the formation of transcriptionally silent

heterochromatin at yeast mating-type loci'"^. Subsequent studies have shown that Sir2

suppresses recombination between repetitive DNA sequences at ribosomal RNA genes

30 (rDNA)*^"^^. Sir2 has also been implicated in the partitioning of carbonylated proteins to

yeast mother cells during budding^^. Studies in C. elegans, mammalian cells, and the
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single-celled parasite Leishmania, indicate that the survival and longevity functions of

sirtuins are conserved^^"^^. In C elegans additional copies of sir-2.1 extend lifespan by

50% via the insulin/IGF-1 signalling pathway, the same pathway recently shown to regulate

lifespan in rodents^^"^^.

5

Summary

Provided herein are methods for activating a sirtuin deacetylase protein family

member. The method may comprise contacting a sirtuin deacetylase protein family

member with a compound having a structure selected from the group consisting offormulas

10 1-25, 30 and 32-65. Compounds falling within formulas 1-25, 30 and 32-65 and activating

a sirtuin protein are referred to herein as "activating compounds." The activating compound

may be a polyphenol compound, such as a plant polyphenol or an analog or derivative

thereof Exemplary compounds are selected from the group consisting of flavones,

stilbenes, flavanones, isoflavones, catechins, chalcones, tannins and anthocyanidins or

15 analog or derivative thereof. In illustrative embodiments, compounds are selected from the

group consisting of resveratrol, butein, piceatannol, isoliquiritgenin, fisetin, luteolin,

3,6,3 ',4'-tetrahydroxyfalvone, quercetin, and analogs and derivatives tiiereof. In certain

embodiments, if the activating compound is a naturally occurring compound, it may not in a

form in which it is naturally occurring.
*

20 The sirtuin deacetylase protein family member may be the human SIRTl protein or

the yeast Sir2 protein.

The sirtuin deacetylase protein family member may be in a cell, in which case the

method may comprise contacting the cell with an activating compoimd or introducing a

compound into the cell. The cell may be vz77-o. The cell maybe a cell of a subject. The

25 cell may be in a subject and tiie method may comprise administering the activating

compound to the subject. Methods may further comprise determining the activity of the

sirtuin deacetylase protein fanoily member.

A cell may be contacted with an activating compound at a concentration of about

0.1-100 iM. In certain embodiments, a cell is further contacted with an additional

30 activating compound. In other embodiments, a cell is contacted with a least three different

activating compounds.
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Other methods encompassed herein include methods for inhibiting the activity of

p53 in a cell and optionally protecting the cell against apoptosis, e.g., comprising contacting

the cell with an activating compound at a concentration of less than about 0.5/aM. Another

method comprises stimulating the activity ofp53 in a cell and optionally hiducing apoptosis

5 in the cell, comprising contacting the cell with an activating compoimd at a concentration of

at least about SOjiiM.

Also provided herein is a method for extending the Ufespan of a eukaryotic cell,

such as by increasing its resistance to stress, comprising contacting the cell with a

compoimd selected from the group consisting of stilbene, flavone and chalcone family

10 members. Such compounds are referred to as "lifespan extending compounds." The

compound may have the structure set forth in formula 7. Other compoxmds may be

activating compoimds having a structure set forth in any of formulas 1-25, 30 and 32-65,

provided they extend lifespan or increase resistance to stress. The compound may be

selected from the group consisting of resveratrol, butein and fisetin and analogs and

15 derivatives thereof. In certain embodiments, if the lifespan extending compound is a

naturally occurring compound, it is not in a form in which it is naturally occurring. The

method may ftirfher comprise determining the lifespan of^e cell. The method may also

further comprise contacting the cell with an additional compound or with at least three

compounds selected from the group consisting of stilbene, flavone and chalcone family

20 members or other lifespan extending compound. The cell may be contacted with a

compound at a concentration of less than about 10/iM or at a concentration of about 10-

100/iM. The cell may be in vitro or in vivo, it may be a yeast cell or a mammalian cell. If

the cell is in a subject, the method may comprise administering the compound to the

subject.

25 Methods for inhibiting sirtuins; mhibiting deacetylation of p53; stimulating

apoptosis; shorting Hfespan and rendering cells and organisms sensitive to stress are also

encompassed. One method comprises contactiug a sirtuin or cell or organism comprising

such with an inhibitory compound having a formula selected from the group of formulas

26-29, 31 and 66-68.

30 Also provided herein are compositions comprising, e.g., at least one or at least two

compounds each having a foraiula selected from the group consisting of formulas 1-68.

Further provided herein are screening methods for identifying compounds, e.g., small

molecules, that modulate sirtuins and/or modulate the life span or resistance to stress of
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cells. Methods may comprise (i) contacting a cell comprising a SIRTl protein with a

peptide of p53 comprising an acetylated residue 382 in the presence of an inhibitor of class

I and class n HDAC under conditions appropriate for SIRTl to deacetylate the peptide and

(ii) determining the level of acetylation of the peptide, wherein a different level of

5 acetylation of the peptide in the presence of the test compound relative to the absence of the

test compound indicates that the test compound modulates SIRTl in vivo.

Brief desGription of the drawings

Figure 1 shows ttie effects of resveratrol on the kinetics of recombinant human

10 SIRTl. a, Resveratrol dose-response of SIRTl catalytic rate at 25 pM NAD"*", 25 p53-

382 acetylated peptide. Relative initial rates are the mean of two determinations, each

derived from the slopes of fluorescence (arbitrary fluorescence imits, AFU) vs. time plots

with data obtained at 0, 5, 10 and 20 min. of deacetylation. b, SIRTl initial rate at 3 mM

NAD"*", as a function of p53-382 acetylated peptide concentration in the presence (A) or

15 absence (v) of 100 ^iM resveratrol. Lines represent non-linear least-squares fits to the

Michaelis-Menten equation. Kinetic constants: Ki„(control, v)= 64 jiM, Km (+resveratrol,

A)=1.8 iiM; Vnmx(control, v)=1107 AFU/min., Vmax(+resveratrol, A)=926 AFU/min. c,

SIRTl initial rate at 1 mM p53-382 acetylated peptide, as a function of NAD"**

concentration, m the presence (A) or absence (v) of 100 [iM resveratrol. Lines represent

20 non-linear least-squares fits to tfie Michaelis-Maiten equation. Kinetic constants:

K„t(control, v>= 558 jiM, K„,(4-resveratrol, A)=101 ^lM; Vmax(control, v)=1863 AFU/min.,

Vn,ax(+resveratrol, A)=1749 AFU/min. d, Effects of resveratrol on nicotinamide mhibition

of SIRTl. Kinetic constants are shown relative to those of the control (no nicotinamide, no

resveratrol) and represent the mean of two determinations. Error bars are standard errors of

25 the mean. The variable substrate in each experiment (N = NAD^, P = p53 acetylated

peptide), the presence/absence of nicotinamide (+/-) and the resveratrol concentration (jxM)

are indicated beneath each pair ofKm-Vmax bars.

Figure 2 shows the effects of polyphenols on Sir2 and S, cerevisiae lifespan, a,

Initial deacetylation rate of recombinant GST-Sir2 as a function of resveratrol

30 concentration. Rates were determined at the indicated resveratrol concentrations, either

with 100 p.M Tluor de Lys' acetylated lysine substrate (FdL) plus 3 mM NAD"*" (A) or with

200 fiM p53-382 acetylated peptide substrate plus 200 ^iM NAD^ (v). b, Lifespan analyses
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were deteraiined by micro-manipulating individual yeast cells as described^^ on complete

2% glucose medium with 10 nM of each compound, unless otherwise stated. Average

lifespan for wild type, 22.9 generations, quercetin, 23.4; piceatannol 24.0. c, Average

lifespan for wild type, 22.9 generations; fisetin, 30.0; butein, 35.5; resveratrol, 36.8. d,

5 Average lifespan for wild type untreated, 21.0 generations; growth on resveratrol, 10 nM,

35.7; 100 jiM, 29.4; 500 jiM, 29.3.

Figure 3 shows that resveratrol extends lifespan by mimicking CR and suppressing

rDNA recombination. Yeast Ufespans were determined as in Fig. 2. a, Average lifespan for

wild type (wt) untreated, 19.0 generations; wild type + resveratrol (wt+R) 37.8; glucose-

10 restricted + resveratrol (CR+R), 39.9. b, Average Hfespans for wild type sir2A, 9.9; sir2A +

resveratrol, 10.0; pnclA, 19.2; pnclA+ resveratrol, 33.1. c, Resveratrol suppresses the

jSrequency of ribosomal DNA recombination in the presence and absence of nicotinannde

(NAM). Frequencies were determined by loss of the ADE2 marker gene jfrom the rDNA

locus (RDNl), d, Resveratrol does not suppress rDNA recombination in a sir2 strain, e,

15 Resveratrol and other sirtuin activators do not significantly increase rDNA silencing

compared to a 2xSIR2 strain. Pre-treated cells {RDN1::URA3) were harvested and spotted

as 10-fold serial dilutions on either SC or SC with 5-fluororotic acid (5-FOA). In this assay,

increased rDNA silencing results in increased survival on 5-FOA medium, f. Quantitation

of the effect of resveratrol on rDNA silencing by countmg numbers of surviving cells on

20 FOA/total plated.

Figure 4 shows that resveratrol and other polyphenols stimulate SIRTl activity in

human cells, a. Method for assaying intracellular deacetylase activity with a fluorogenic,

cell-permeable substrate, FdL (Tluor de Lys', BIOMOL). FdL (200 nM) is added to

growth media and cells incubated for 1-3 hours to allow FdL to enter the cells and the

25 lysine-deacetylated product (deAc-FdL) to accumulate iutracellularly. Cells are lysed with

detergent in the presence of 1 |xM TSA, 1 mM nicotinamide. Addition of the non-cell-

penneable Developer (BIOMOL) releases a fluorophor, specifically fiom deAc-FdL. b,

SIRTl activating polyphenols can stimulate TSA-insensitive, FdL deacetylation by HeLa

S3 cells. Cells were grown adherently in DMEM/10% FCS and treated for 1 hour with 200

30 nM FdL, 1 ^M TSA and either vehicle (0.5% final DMSO, Control) or 500 nM of the

indicated compound. Intracellular accumulation of deAc-FdL was then determined as

described briefly in a. The intracellular deAc-FdL level for each compound (mean of six

replicates) are plotted against the ratios to the control rate obtained in the in vitro SIRTl
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polyphenol screen (see Table 1, Supplementary Tables 1 and 3). c, U20S osteosarcoma

cells grown to ^0% confluence in DMEM/10% FCS were exposed to 0 or 10 grays of

gamma irradiation (IR). Whole cell lysates were prepared 4 hours post-irradiation and were

probed by Westem blotting with indicated antibodies, d, U20S cells cultured as above

5 were pre-treated with the indicated amounts of resveratrol or a 0.5% DMSO blank for 4

hours, after which cells were exposed to 0 or 50 J/cm^ of UV radiation. Lysates were

prepared and analyzed by Westem blot as in c. e. Human embryonic kidney cells (HEK

293) expressing wild type SIRTl or dominant negative SIRT1-H363Y (SIRTl-HY) protem

were cultured as above, pre-treated with the indicated amounts of resveratrol or a 0.5%

10 DMSO blank for 4 hours and exposed to 50 J/cm^ ofUV radiation as above. Lysates were

prepared and analyzed as above.

Figure 5 shows that intracellular deacetylation activity may be measured with a cell-

permeable, fluorogenic HDAC and sirtuin substrate. HeLa S3 cells were grown to

confluence in DMEM/10% FCS and then incubated with fresh medium containing 200 iiM

1 5 FdL for the indicated times, 37°C. Intracellular and medium levels of deacetylated substrate

(deAc-FdL) were determined according to the manufacturer's instructions (HDAC assay

kit, BIOMOL). All data points represent the mean oftwo determinations, a, Concentration

ratio of intracellular ([deAc-FdL]i) to medium ([deAc-FdL]o) concentrations in the presence

(A) or absence (v) of 1 pM trichostatin A (TSA). b. Total accumulation of deacetylated

20 substrate (deAc-FdL) in the presence (A) or absence (v) of 1 jiM TSA. c. Intracellular

accumulation of deacetylated substrate (deAc-FdL) in the presence (A) or absence (v) of 1

jiMTSA.

Figure 6 shows that deacetylation site preferences of recombinant SIRTl. Initial

rates of deacetylation were determined for a series of fluorogenic acetylated peptide

25 substrates based on short stretches ofhuman histone H3, H4 and p53 sequence (see key to

substrate name and single letter peptide sequence below the bar graph). Recombmant

human SIRTl (1 |iig, BIOMOL), was incubated 10 min, ST'^C, with 25 \xU of the indicated

fluorogenic acetylated peptide substrate and 500 nM NAD"^. Reactions were stopped by the

addition of 1 mM nicotinamide and the deacetylation-dependent fluorescent signal was

30 detemained.

Figure 7 is a graph representing SIRT2 activity as a function of resveratrol

concentration.
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Figure 8 shows an alignment of the amino acid sequences of hSIRT2, hSIRTl and

S. cerevisiae Sir2.

Figure 9A shows resveratrol and BML-230 dose responses ofSIRTl catalytic rate.

Figure 9B shows the ratio of BML-230-activated to resveratrol-activated SIRTl

5 rates as a function of activator concentration (the ratios were calculated from data ofFigure

9A).

Figure 10 shows the effect ofpolyphenoUc STACs on metazoan sirtuins. a,

Schematic of Sir2 polypeptides from human, yeast, C elegans and D. melanogaster aligned

to show conserved regions. Amino acids forming the NAD"*"-binding pocket (grey) and

10 substrate binding groove (black) are indicated. Percentages refer to the homology to SIRTl

.

b. Effect ofpolyphenolic STACs (500 nM) on NAD'*'-dependent, trichostatinA (TSA)-

insensitive deacetylase activity in Drosophila S2 cells, c. Fold stimulation ofrecombinant

SIR-2.1 by STACs (10 fiM). d. Fold stimulation ofrecombinant dSir2 by STACs (10 ^iM).

Values are the mean of at least three determinations (+/- standard error), e. Dose-dependent

1 5 activation of C. elegans SIR-2. 1 by resveratrol. Rates were determined using a fluorigenic

acetylated lysine substrate (Fluor de Lys). Dose-dependent activation ofDrosophila dSir2

by resveratrol. g, SIR-2. 1 initial rate at 10 iiiM Fluor de Lys as a function ofNAD"^

concentration, in the presence or absence of 100 jiM resveratrol. AFU, arbitrary

fluorescence units.

20 Figure .1 1 shows the C elegans survival on resveratrol. a. Survivorship ofadult

wild-type N2 C. elegans treated with 100 \iM resveratrol fed with heat-killed OP50 E, colL

Mean lifespan relative to control (triangles, n = 47) was increased by 14.5% (Log-Rank

test, P <.0001) by 100 [xM resveratrol (squares, n = 46). b. Survivorship of5zr-2.i mutants

treated with resveratrol fed Mdth heat-killed OP50, Adult lifespan ofsir-2J animals does

25 not differ significantly from N2 controls (Log-Rank, P = .68) and the effect on hfespan of

100 DM resveratrol on sir-lJ mutant animals was not statistically significant (5.2%

extension, Log-Rank P = .058; n = 60 control, 58 treated), c. Survivorship of wild-type N2

C. elegans on 100 |aM resveratrol fed with live'OP50 (12.6% extension, P<.0001; n = 47

control, 67 treated), d. Survivorship ofsir'2.1 mutants on 100 |jM resveratrol fed with live

30 OP50 (3.3% extension, P=0.81; n = 57 control, 51 treated) e. Fecundity of adult

hermaphrodites treated with 100 DM resveratrol. Controls: 106 eggs/5 worms/5 hours (s.d.

10.0); resveratrol-treated: 99 eggs/5 woims/5 hours (s.d. 13.0). f. Feeding rates ofL4 larval

and adult hermaphrodites treated with 100 [iM resveratrol. L4 on hve OP50: control
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310±10.2 pmnps/min, resveratrol 315±9.8; Adult on dead OP50: control 228±26.2,

resveratrol 283±3L9; Adult on live OP50: control 383±16.0, resveratrol 383±22.7.

Figure 12 shows wild-type female D, melanogaster survival with adults fed

resveratrol or fisetin. a, Canton-S on 15% SY media, b, Canton-S on 5% SY media with

5 resveratrol at two concentrations, c, Strain on 3% CSY media, d. Strain yw on 2% CSY

media with resveratol at two concentrations, e. Strain j;w on 3% CSY media with 100, ^iM

resveratrol or fisetin. f, Strain yw on 2% CSY media with 100 |iM resveratrol or fisetin.

Life table statistics for this figure, for males and for additional trials are in Table 20. g.

Mean daily fecundity per female (s.e.) estimated over 5-day intervals of Canton-S on 15%

10 SY media with 0 or 10 jiM resveratrol. h. Proportion (s.e.) ofyw females feeding on diet

with and without resveratrol in crop-filling assay, i, Mean (s.e.) body mass ofCanton-S

males and females feeding on diet without and with resveratrol (lOjiM).

Figure 13 shows the survivorship ofD. melanogaster adults with mutant alleles of

dSir2 when fed resveratrol (100|iM). Females (a) and males (b) with loss-of-function

15 genotype dSirl"^'^/dSir^'^^. Females (c) and males (d) vdth strong hypomorphic genotype

Figure 14 shows the mortality rates of control and resveratrol treated adults.

Mortality was estimated as la(-ln(p.r)) where pj, is the survival probability at day x to x+1. a,

C elegans wild-type N2 on heat-killed OP50 E. colu b, C. elegans wild-type N2 on live

20 OP50 E, coli. In a and b mortality is plotted only at days with observed mortality, c, D.

melanogaster wildtype females of Trial 1 at effective doses of resveratrol on 15% SY diet,

d, D. melanogaster wildtype males of Trial 1 at effective doses of resveratrol on 15% SY

diet. In c and d mortality is smoothed firom 3-day running average ofpx.

Figure 15 shows the stimulation of SIRT 1 catalytic rate by 100 /iM plant

25 polyphenols (Table 1).

Figure 16 shows the effect of 100 fM. stilbenes and chalcones on SIRT 1 catalytic

rate (Supplementary Table 1).

Figure 17 shows the effect of 100 jwM flavones on SIRT 1 catalytic rate

(Supplementary Table 2).

30 Figure 18 shows the effect of 100 juM flavones on SIRT 1 catalytic rate

(Supplementary Table 3).
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Figure 19 shows the effect of 100 jiM isoflavones, flavanones and anthocyanidins

on SIRT 1 catalytic rate (Supplementary Table 4).

Figure 20 shows the effect of 100 fiM catechins (Flavan-3-ols) on SIRT 1 catalytic

rate (Supplementary Table 5).

5 Figure 21 shows the effect of 100 jLtM free radical protective compounds on SIRT 1

catalytic rate (Supplementary Table 6).

Figure 22 shows the effect of 100 juM miscellaneous compounds on SIRT 1

catalytic rate (Supplementary Table 7).

Figure 23 shows the effect of 100 /aM of various modulators on SIRT 1 catalytic

10 rate (Supplementary Table 8).

Figure 24 shows the effect of 100 fjM of new resveratrol analogs on SIRT 1

catalytic rate (Table 9).

Figure 25 shows the effect of 100 jLtM of new resveratrol analogs on SIRT 1

catalytic rate (Table 10).
(

'

15 Figure 26 shows the effect of 100 jLtM of new resveratrol analogs on SIRT 1

catalytic rate (Table 1 1).
•

Figure 27 shows the effect of 100 /xM of new resveratrol analogs on SIRT 1

catalytic rate (Table 12).

Figure 28 shows the ejffect of 100 jiiM of new resveratrol analogs on SIRT 1

20 catalytic rate (Table 1 3).

Figure 29 shows synthetic intermediates ofresveratrol analog synthesis (Table 14).

Figure 30 shows synthetic intermediates ofresveratrol analog synthesis (Table 15).

Figure 31 shows synthetic intermediates ofresveratrol analog synthesis (Table 16).

Figure 32 shows synthetic intermediates ofresveratrol analog synthesis (Table 17).

25 Figure 33 shows synthetic intermediates ofresveratrol analog synthesis (Table 18).

Figure 34 shows the effect ofresveratrol on Drosophila melanogaster (Table 20).

Figures 35A-G shows sirtuin activators and the fold activation ofSIRTl (Table 21).

Figure 36 shows sirtum inhibitors and the fold inhibition ofSIRTl (Table 22).
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Detailed description

Definitions

As used herein, the following terms and phrases shall have the meanings set forth

5 below. Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as concraionly understood to one of ordinary skill in the art.

The singular forms "a," "an," and "the" include plural reference unless the context

clearly dictates otherwise.

"Activating a sirtuin protein" refers to the action of producing an activated sirtuin

10 protein, i.e., a sirtuin protein that is capable of performing at least one of its biological

activities to at least some extent, e.g., with an increase of activity of at least about 10%,

50%, 2 fold or more. Biological activities of sirtum protems include deacetylation, e.g., of

histones and p53; extending Ufespan; mcreasing genomic stability; silencing transcription;

and controlling the segregation of oxidized proteins between mother and daughter cells.

15 An "activating compound" or a "sirtuin activating compound" refers to a

compound that activates a sirtuin protein or stimulates or increases at least one of its

activities. Activating compoimds may have a formula selected from the group of formulas

1-25, 30 and 32-65.

A "form that is naturally occurring" when referring to a compound means a

20 compound that is in a form, e.g., a composition, in which it can be found naturally. For

sample, since resveratrol can be found in red wine, it is present in red wine in a form that

is naturally occurring. A compound is not in a form that is naturally occurring if, e.g., the

compound has been purified and separated from at least some of the other molecules that

are found with the compound in nature.

25 "Inhibiting a sirtuin protein" refers to the action of reducing at least one of the

biological activities of a sirtuin protein to at least some extent, e.g., at least about 10%,

50%, 2 fold or more.

An "mhibitory compound" or "inhibiting compound" or "sirtuin inhibitory

compound" refers to a compound that inhibits a sirtuin protein. Inhibitory compounds

30 may have a formula selected &om the group of formulas 26-29, 31 and 66-68.
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A "naturally occurring compound" refers to a compound that can be foimd in

nature, i.e., a compound that has not been desig^ed by man. A naturally occurring

compound may have been made by man or by nature. For example, resveratrol is a

naturally-occurring compoimd. A "non-naturally occurring compound" is a compound

5 that is not known to exist in nature or that does not occur in nature.

'TlepUcative lifespan" of a cell refers to the number of daughter cells produced by

an individual "mother cell." "Chronological aging" or "chronological Ufespan/' on the

other hand, refers to the length of time a population of non-dividing cells remains viable

when deprived of nutrients. "Increasing the lifespan of a cell" or "extending the hfespan

10 of a cell," as appUed to cells or organisms, refers to increasing the niunber of daughter

cells produced by one cell; increasing the abihty of cells or organisms to cope with stresses

and combat damage, e.g., to DNA, proteins; and/or increasing the abihty of cells or

organisms to survive and exist in a Uving state for longer under a particular condition, e.g.,

stress. Lifespan can be increased by at least about 20%, 30%, 40%, 50%, 60% or between

15 20% and 70%, 30% and 60%, 40% and 60% or more using methods described herein.

"Sirtuin deacetylase protein family members;" "Sir2 family members;" "Sir2

protein family members;" or "sirtuin proteins" includes yeast Sir2, Sir-2.1, and human

SIRTl and SIRT2 proteins. The nucleotide and amino acid sequences of the human

sirtuin, SIRTl (silent mating type information regulation 2 homolog), are set forth as SEQ

20 ID NOs: 1 and 2, respectively (corresponding to GenBank Accession numbers

NM_012238 and NP_036370, respectively). Other family members include the four

additional yeast Sir2-like genes termed "HST genes" Qiomologues of Sk two) HSTl,

HST2, HST3 and HST4, and the five other human homologues hSIRT3, hSIRT4, hSIRTS,

hSIRT6 and hSIRT7 (Brachmann et al. (1995) Genes Dev. 9:2888 and Frye et al. (1999)

25 BBRC 260:273). Preferred sirtuins are those that share more similarities with SIRTl, i.e.,

hSIRTl, and/or Sir2 than with SIRT2, such as those members having at least part ofthe N-

terminal sequence present in SIRTl and absent in SIRT2 such as SIRT3 has.

'^Biologically active portion of a sirtuin" refers to a portion of a sirtuin protein

having a biological activity, such as the ability to deacetylate. Biologically active portions

30 of sirtuins may comprise the core domain of sirtuins. For example, amino acids 62-293 of

SIRTl having SEQ ID NO: 2, which are encoded by nucleotides 237 to 932 of SEQ ID

NO: 1, encompass the NAD"*" binding domain and the substrate binding domain.

Therefore, this region is sometimes referred to as the core domain. Other biologically
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active portions of|SIRTl, also sometimes referred to as core domains, include about amino

acids 261 to 447 ofSEQ ID NO: 2, which are encoded by nucleotides 834 to 1394 of SEQ

ID NO: 1; about amino acids 242 to 493 of SEQ ID NO: 2, which are encoded by

nucleotides 777 to 1532 of SEQ ID NO: 1; or about amino acids 254 to 495 of SEQ ID

5 . NO: 2, which are encoded by nucleotides 813 to 1538 ofSEQ ID NO: 1.

The terms "comprise" and "comprising" are used in the inclusive, open sense,

meaning that additional elements may be included.

The term "including" is used to mean "including but not limited to". "Including"

and "including but not limited to" are used interchangeably.

10 The term "cis" is art-recognized and refers to the arrangement of two atoms or

groups around a double bond such that the atoms or groups are on the same side of the

double bond. Cis configurations are often labeled as (Z) configurations.

The term "trans" is art-recognized and refers to the arrangement of two atoms or

groups around a double bond such that the atoms or groups are on the opposite sides of a

15 double bond. Trans configurations are often labeled as (E) configurations.

The term "covalent bond" is art-recognized and refers to a bond between two atoms

where electrons are attracted electrostatically to both nuclei of the two atoms, and the net

effect of increased electron density between the nuclei counterbalances the intemuclear

repulsion. The term covalent bond includes coordinate bonds when the bond is with a

20 metal ion.

The term "therapeutic agent" is art-recognized and refers to any chemical moiety

that is a biologically, physiologically, or pharmacologically active substance that acts

locally or systemically in a subject. The term thus means any substance intended for use in

the diagnosis, cure, mitigation, treatment or prevention of disease or in the enhancement of

25 desirable physical or mental development and/or conditions in an animal or human.

The term "therapeutic effect" is art-recognized and refers to a local or systemic

effect in animals, particularly mammals, and more particularly humans caused by. a

pharmacologically active substance. The phrase "therapeutically-effective amount" means

that amount of such a substance that produces some desired local or systemic effect at a

30 reasonable benefit/risk ratio applicable to any treatment. The therapeutically effective

amount of such substance will vary depending upon the subject and disease condition being
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treated, the weight and age of the subject, the severity of the disease condition, the manner

of administration and the hke, which can readily be determined by one of ordinary skill in

the art. For example, certain compositions described herein may be administered in a

sufficient amount to produce a at a reasonable benefit/risk ratio applicable to such

S treatment.

The term "synthetic" is art-recognized and refers to production by in vitro chemical

or enzymatic synthesis.

The term "meso compound" is art-recognized and refers to a chemical compound

which has at least two chiral centers but is achiral due to a plane or point ofsymmetry.

10 The term "chiral" is art-recognized and refers to molecules which have the property

of non-superimposability of the mirror image partner, while the term "achiral" refers to

molecules which are superimposable on their mirror image partner. A "prochiral molecule"

is a molecule which has the potential to be converted to a chiral molecule in a particular

process.

15 The term "stereoisomers" is art-recognized and refers to compounds which have

identical chemical constitution, but differ with regard to the arrangement of the atoms or

groups in space. In particular, "enantiomers" refer to two stereoisomers of a compound

which are non-superimposable mirror images of one another. "Diastereomers", on the other

hand, refers to stereoisomers with two or more centers of dissymmetry and whose

20 molecules are not mirror images ofone another.

Furthermore, a "stereoselective process" is one which produces a particular

stereoisomer of a reaction product in preference to other possible stereoisomers of that

product. An "enantioselective process" is one which favors production of one of the two

possible enantiomers ofa reaction product.

25 The term "regioisomers" is art-recognized and refers to compounds which have the

same molecular formula but differ in the connectivity of the atoms. Accordingly, a

"regioselective process" is one which favors the production of a particular regioisomer over

others, e.g., the reaction produces a statistically significant increase in the yield of a certain

regioisomer.
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The term "epimers" is art-recognized and refers to molecules with identical

chemical constitution and containing more than one stereocenter, but which differ in

configuration at only one ofthese stereocenters.

The term "ED50" is art-recognized. In certain embodiments, ED50 means the dose of

5 a drug which produces 50% of its maximum response or effect, or alternatively, the dose

which produces a pre-determined response in 50% of test subjects or preparations. The term

"LD50" is art-recognized, la certain embodiments, LD50 means the dose of a drug which is

lethal in 50% of test subjects. The temi "therapeutic index" is an art-recognized term which

refers to the therapeutic index of a drug, defined as LD50/ED50.

10 The term "structure-activity relationship" or "(SAR)" is art-recognized and refers to

the way in which altering the molecular structure of a drug or other compound alters its

biological activity, e.g., its interaction with a receptor, enzyme, nucleic acid or other target

and the like.

The term "aUphatic" is art-recogmzed and refers to a linear, branched, cyclic alkane,

15 alkene, or alkyne. In certain embodiments, aliphatic groups in the present compounds are

linear or branched and have from 1 to about 20 carbon atoms.

The term "alkyl" is art-recognized, and includes saturated aliphatic groups,

including straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic)

groups, alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In

20 certain embodiments, a straight chain or branched chain alkyl has about 30 or fewer carbon

atoms in its backbone (e.g., CrCso for straight chain, C3-C30 for branched chain), and

alternatively, about 20 or fewer. Likewise, cycloalkyls have from about 3 to about 10

carbon atoms m their ring structure, and alternatively about 5, 6 or 7 carbons in the ring

structure. The term "alkyl" is also defined to include halosubstituted alkyls.

25 The term "aralkyl" is art-recognized and refers to an alkyl group substituted with an

aryl group (e.g., an aromatic or heteroaromatic group).

The terms "alkenyl" and "alkynyr are art-recognized and refer to unsaturated

aUphatic groups analogous in length and possible substitution to the alkyls described^above,'

but that contain at least one double or triple bond respectively.

30 Unless the number of carbons is otherwise specified, "lower alkyl" refers to an alkyl

group, as defined above, but having from one to about ten carbons, alternatively from one
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to about six carbon atoms in its backbone structure. Likewise, "lower alkenyl" and "lower

alkynyl" have similar chain lengths.

The temi "heteroatom" is art-recognized and refers to an atom of any element other

than carbon or hydrogen. Illustrative heteroatoms include boron, nitrogen, oxygen,

5 phosphorus, sulfur and selenium.

The term "aryl" is art-recognized and refers to 5-, 6- and 7-membered single-ring

aromatic groups that may include jfrom zero to four heteroatoms, for example, benzene,

naphtalene, anthracene, pyrene, pyrrole, furan, thiophene, imidazole, oxazole, thiazole,

triazole, pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. Those aryl

10 groups having heteroatoms in the ring structure may also be referred to as "aryl

heterocycles" or 'lieteroaromatics." The aromatic ring may be substituted at one or more

ring positions with such substituents as described above, for example, halogen, azide, alkyl,

aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulfliydryl, imino,

amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, eth«:, alkylthio, sulfonyl,

15 sulfonamido, ketone, aldehyde, ester, heterocyclyl, aromatic or heteroaromatic moieties, -

CF3, -CN, or the like. The term "aryl*' also includes polycycKc ring systems having two or ,

more cyclic rings in which two or more carbons are common to two adjoining rings (the

rings are "fused rings") wherein at least one of the rings is aromatic, e.g., the other cyclic

rings may be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls.

20 The terais ortho. meta and para are art-recognized and refer to 1,2-, 1,3- and 1,4-

disubstituted benzenes, respectively. For example, the names 1,2-dimethylbenzene and

ortho-dimethylbenzene are synonymous.

The tenns 'Taeterocyclyl" or "heterocyclic group" are art-recognized and refer to 3-

to about 10-membered ring structures, alternatively 3- to about 7-membered rings, whose

25 ring stmctures include one to four heteroatoms. Heterocycles may also be polycycles,

Heterocyclyl groups mclude, for example, thiophene, thianthrene, furan, pyran,

isobenzofuran, chromene, xanthene, phenoxanthene, pyrrole, imidazole, pyrazole,

isothiazole, isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, mdolizine, isoindole,

indole, indazole, purine, quinolizine, isoquinoline, qumoline, phthalazine, naphthyridine,

30 quinoxaline, quinazoline, cirmoline, pteridine, carbazole, carboline, phenanthridine,

acridine, pyrimidine, phenanthroline, phenazine, phenarsazine, phenothiazine, fiirazan,

phenoxazine, pyrrolidine, oxolane, thiolane, oxazole, piperidine, piperazine, morpholine,
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lactones, lactams such as azetidinones and pyrrolidinones, sultams, sultones, and the like.

The heterocycUc ring may be substituted at one or more positions with such substituents as

described above, as for example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl,

hydroxyl, amino, nitro, sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl,

5 carboxyl, silyl, ether, aUcylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an

aromatic or heteroaromatic moiety, -CF3, -CN, or the like.

The terms "polycyclyl" or "polycyclic group" are art-recognized and refer to two or

more rings (e.g., cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in

which two or more carbons are common to two adjoining rings, e.g., the rings are "fused

10 rings". Rings that are joined through non-adjacent atoms are termed "bridged" rings. Each

of the rings of the polycycle may be substituted with such substituents as described above,

as for example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,

sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether,

alkylthio, sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic

15 moiety, -CF3, -CN, or the hke.

The term "carbocycle" is art-recognized and refers to an aromatic or non-aromatic

ring in which each atom ofthe ring is carbon.

The tenn "nitro" is art-recognized and refers to -NO2; the term 'lialogen" is art-

recognized and refers to -F, -CI, -Br or -I; the term "sulfhydryl" is art-recognized and refers

20 to -SH; the term "hydroxyl" means -OH; and the term "sulfonyl" is art-recognized and

refers to -SO2'. 'Halide" designates the corresponding anion of the halogens, and

'"pseudohalide" has the definition set forth on 560 of ^'Advanced hnorganic ChemistrV^ by

Cotton and Wilkinson.

The terms "amine" and "amino" are art-recognized and refer to both unsubstituted

25 and substituted amines, e.g., a moiety that may be represented by the general formulas:

R50

N R53

\
I

wherein R50, R5 1 and R52 each independently represent a hydrogen, an alkyl, an alkenyl, -

(CH2)n,-R61, or R50 and R51, taken together with the N atom to which they are attached

complete a heterocycle having from 4 to 8 atoms in the ring structure; R61 rq)resents an
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aryl, a cycloalkyl, a cycloalkenyl, a heterocycle or a polycycle; and m is zero or an integer

in the range of 1 to 8. In certain embodiments, only one ofR50 or R51 may be a carbonyl,

e.g., R50, R51 and the nitrogen together do not form an imide. In other embodiments, R50

and R51 (and optionally R52) each independently represent a hydrogen, an alkyl, an

alkenyl, or -(CH2)m-R61. Thus, the term "alkylamine" includes an amine group, as defined

above, having a substituted or unsubstituted alkyl attached thereto, i.e., at least one ofR50

and R51 is an alkyl group.

The term "acylamino" is art-recognized and refers to a moiety that may be

represented by the general formula:

O

-R54

10 R50

wherein R50 is as defined above, and R54 represents a hydrogen, an alkyl, an alkenyl or -

(CH2)m-R61, wherem and R61 are as defined above.

The term "amido" is art recognized as an amino-substituted carbonyl and includes a

moiety that may be represented by the general formula:

O

R51

15 R50

wherein R50 and R51 are as defined above. Certain embodiments of amides may not

include imides whichmay be unstable.

The term "alkylthio" refers to an alkyl group, as defined above, having a sulfiir

radical attached thereto. In certain embodiments, the "alkylthio" moiety is represented by

20 one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH2)m-R61, whereinm and R61 are defined

above. Representative alkylthio groups include methylthio, ethyl thio, and the like.

The term "carbonyl" is art recognized and includes such moieties as may be

represented by the general fomiulas:
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X50 R56

wherein X50 is a bond or represents an oxygen or a sulfur, and R55 and R56 represents a

hydrogen, an alkyl, an alkenyl, -(CH2)m-R61or a pharmaceutically acceptable salt, R56

represents a hydrogen, an alkyl, an alkenyl or -(CH2)m-R61, where m and R61 are defined

5 above. Where X50 is an oxygen and R55 or R56 is not hydrogen, the formula represents an

"ester". Where X50 is an oxygen, and R55 is as defined above, the moiety is referred to

herein as a carboxyl group, and particularly when R55 is a hydrogen, the formula represents

a "carboxylic acid". Where X50 is an oxygen, and R56 is hydrogen, the formula represents

a "formate". In general, where the oxygen atom of the above formula is replaced by sulfur,

10 the formula represents a "thiolcarbonyl" group. Where X50 is a sulfur and R55 or R56 is

not hydrogen, the formula represents a *thiolester." Where X50 is a sulfur and R55 is

hydrogen, the formula represents a "thiolcarboxylic acid." Where X50 is a sulfur and R56

is hydrogen, the formula represents a *thiolfonnate." On the other hand, where X50 is a

bond, and R55 is not hydrogen, the above formula represents a "ketone" group. Where X50

15 is a bond, and R55 is hydrogen, the above formula represents an "aldehyde" group.

The terms "alkoxyl" or "alkoxy" are art-recognized and refer to an alkyl group, as

defined above, having an oxygen radical attached thereto. Representative alkoxyl groups

include methoxy, ethoxy, propyloxy, tert-butoxy and the like. An "ether" is two

hydrocarbons covalently linked by an oxygen. Accordingly, the substituent of an alkyl that

20 renders that alkyl an ether is or resembles an alkoxyl, such as may be represented by one of

-O-alkyl, -O-alkenyl, -O-alkynyl, -0-(CH2)m-R61, wherem and R61 are described above.

The term "sulfonate" is art recognized and refers to a moiety that may be

represented by the general formula:

0

-OR57

O

25 in which R57 is an electron pair, hydrogen, alkyl, cycloalkyl, or aryl.

The tenn "sulfate" is art recognized and includes a moiety that may be represented

by the general formula:
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0 S OR57

II

o

in which R57 is as defibtied above.

The temi "sulfonamide" is art recognized and includes a moiety that may be

represented by the general formula:

O

S OR56

I II

5 R50 O

in which R50 and R56 are as defined above.

The term '^sulfamoyl" is art-recognized and refers to a moiety that may be

represented by the general formula:

O
R50

\
R51

10 in which R50 and R5 1 are as defined above.

The term "sulfonyl" is art-recognized and refers to a moiety that may be represented

by the general formula:

-R58

in which R58 is one of the following: hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,

1 5 heterocyclyl, aryl or heteroaryl.

The term "sulfoxido" is art-recognized and refers to a moiety that may be

represented by the general formula:
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R58

in which R58 is defined above.

The term "phosphoryl" is art-recognized and may in general be represented by the

formula:

Q50

_ll_
]

5 OR59

wherein Q50 represents S or O, and R59 represents hydrogen, a lower alkyl or an aryl.

When used to substitute, e.g., an alkyl, the phosphoryl group of the phosphorylalkyl may be

represented by the general formulas:

Q50 Q50

Q51—p o Q51— !-OR59

I
I

OR59 OR59

10 wherein Q50 and R59, each independently, are defined above, and Q51 represents O, S or

N. When Q50 is S, the phosphoryl moiety is a "phosphorothioate".

The term "phosphoramidite" is art-recognized and may be represented in the general

formulas:

Q51— O Q51—P-OR59

R50 R51 R50 R51

15 wherein Q51, R50, R51 and R59 are as defined above.

The tenn "phosphpnamidite" is art-recognized and may be represented in the

general formulas:



wo 2005/002555

21

PCT/US2004/021479

R60 R60

Q51—p o Q51_p_OR59

R50 R51 R50 R51

wherein Q51, R50, R51 and R59 are as defined above, and R60 represents a lower alkyl or

anaryl.

Analogous substitutions may be made to alkenyl and alkynyl groups to produce, for

example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls,

iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or alkynyls.

The definition of each expression, e.g. alkyl, in, n, and the like, when it occurs more

than once in any structure, is intended to be independent of its definition elsewhere in the

same structure.

The term "selenoalkyl" is art-recognized and refers to an alkyl group having a

substituted seleno group attached thereto. Exemplary "selenoethers" which may be

substituted on the alkyl are selected firom one of -Se-alkyl, -Se~alkenyl, -Se-alkynyl, and -

Se-(CH2)m-R61, m and R61 being defined above.

The terms triflyl, tosyl, mesyl, and nonaflyl are art-recognized and refer to

trifluoromethanesulfonyl, /7-toluenesulfonyl, methanesulfonyl, and

nonafluorobutanesulfonyl groups, respectively. The terms triflate, tosylate, mesylate, and

nonaflate are art-recognized and refer to trifluoromethanesulfonate ester, /?-toluenesulfonate

ester, methanesulfonate ester, and nonafluorobutanesulfonate ester fimctional groups and

molecules that contain said groups, respectively.

The abbreviations Me, Et, Ph, Tf, Nf, Ts, and Ms represent methyl, ethyl, phenyl,

trifluoromethanesulfonyl, nonafluorobutanesulfonyl, /7-toluenesulfonyl and

methanesulfonyl, respectively. A more comprehensive Ust of the abbreviations utilized by

organic chemists of ordinary skill in the art appears in the first issue of each volume of the

Journal of Organic Chemistrv: this Ust is typically presented in a table entitled Standard List

ofAbbreviations.

/ Certain compounds contained in compositions described herein may exist in

particular geometric or stereoisomeric forms. In addition, compounds may also be optically
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active. Contemplated herein are all such compounds, including cis- and traos-isomers, R-

and iS-enantiomers, diastereomers, (D)-isomers, (L)-isomers, the racemic mixtures thereof,

and other mixtures thereof. Additional asymmetric carbon atoms may be present in a

substituent such as an alkyl group. All such isomers, as well as mixtures thereof, are

5 encompassed herein.

If, for instance, a particular enantiomer of a compound is desired, it may be

prepared by asymmetric synthesis, or by derivation with a chiral auxiUary, where the

resulting diastereomeric mixture is separated and the auxiUary group cleaved to provide the

pure desired enantiomers. Altematively, where the molecule contains a basic functional

10 group, such as amino, or an acidic functional group, such as carboxyl, diastereomeric salts

are formed with an appropriate optically-active acid or base, followed by resolution of the

' diastereomers thus formed by fractional crystallization or chromatographic means well

known in the art, and subsequent recovery ofthe pure enantiomers.

It will be understood that "substitution" or "substituted with" includes the implicit

15 proviso that such substitution is in accordance with pOTnitted valence of the substituted

atom and the substituent, and that the substitutira results in a stable compound, e.g., which

does not spontaneously undergo transformation such as by rearrangement, cyclization,

elimination, or other reaction.

The term "substituted" is also contemplated to include all permissible substituents

20 of organic compounds. In a broad aspect, the permissible substituents include acyclic and

cycUc, branched and unbranched, carbocyclic and heterocyclic, aromatic and nonaromatic

substituents of organic compounds. Illustrative substituents mclude, for example, those

described herein above. The permissible substituents may be one or more and the same or

different for appropriate organic compounds. Heteroatoms such as nitrogen may have

25 hydrogen substituents and/or any permissible substituents of organic compounds described

herem which satisfy the valences of the heteroatoms. Compounds are not intended to be

limited in any manner by the pennissible substituents of organic compounds.

The chemical elements are identified in accordance with the Periodic Table of the

Elements, CAS version, Handbook of Chemistrv and Phvsics, 67th Ed., 1986-87, inside

30 cover.

The term '^protecting group" is art-recognized and refers to temporary substituents

that protect a potentially reactive functional group from undesired chemical
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transfonnations. Examples of such protecting groups include esters of carboxylic acids,

silyl ethers of alcohols, and acetals and ketals of aldehydes and ketones, respectively. The

field of protecting group chemistry has been reviewed by Greene and Wuts in Protective

Groups in Organic Synthesis (T^ ed., Wiley: New York, 1991).

5 The term *liydroxyl-protecting group" is art-recognized and refers to ttiose groups

intended to protect a hydroxyl group against undesirable reactions during synthetic

procedures and includes, for example, benzyl or other suitable esters or ethers groups

known in the art.

The term "carboxyl-protecting group" is art-recognized and refers to those groups

10 intended to protect a carboxylic acid group, such as the C-terminus of an amino acid or

peptide or an acidic or hydroxyl azepine ring substituent, against undesirable reactions

during synthetic procedures and includes. Examples for protecting groups for carboxyl

groups involve, for example, benzyl ester, cyclohexyl ester, 4-nitrobenzyl ester, t-butyl

ester, 4-pyridylmethyl ester, and the like.

15 The term "amino-blocking group" is art-recognized and refers to a group which will

prevent an amino group from participating in a reaction carried out on some other

functional group, but which can be removed from the amine when desired. Such groups are

discussed by in Ch. 7 of Greene and Wuts, cited above, and by Barton, Protective Groups in

Organic Chemistrv ch. 2 (McOmie, ed., Plenum Press, New York, 1973). Examples of

20 suitable groups include acyl protecting groups such as, to illustrate, formyl, dansyl, acetyl,

benzoyl, trifluoroacetyl, succinyl, methoxysuccinyl, benzyl and substituted benzyl such as

3,4-dimethoxybenzyl, o-nitrobenzyl, and triphenylmethyl; those of the formula -COOR

where R includes such groups as methyl, ethyl, propyl, isopropyl, 2,2,2-trichloroethyl, 1-

methyl-l-phenylethyl, isobutyl, t-butyl, t-amyl, vinyl, allyl, phenyl, benzyl, p-nitrobenzyl,

25 o-nitrobenzyl, and 2,4-dichlorobenzyl; acyl groups and substituted acyl such as formyl,

acetyl, chloroacetyl, dichloroacetyl, trichloroacetyl, trifluoroacetyl, benzoyl, and p-

methoxybenzoyl; and other groups such as methanesulfonyl, p-toluenesulfonyl, p-

bromobenzenesulfonyl, p-nitrophenylethyl, and p-toluenesulfonyl-aminocarbonyl.

Preferred amino-blocking groups are benzyl (-CH2C6H5), acyl [C(0)R1] or SiRla where Rl

30 is C1-C4 alkyl, halomethiyl, or 2-halo-substituted-(C2-C4 alkoxy), aromatic urethane

protecting groups as, for example, carbonylbenzyloxy (Cbz); and ahphatic urethane

protecting groups such as t-butyloxycarbonyl (Boc) or 9-fluorenyhnethoxycarbonyl

(FMOC).
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The definition of each expression, e.g. lower alkyl, m, n, p and the like, when it

occurs more than once in any structure, is intended to be independent of its definition

elsewhere in the sanae structure.

The tem "electron-withdrawing group" is art-recognized, and refers to the tendency

5 of a substituent to attract valence electrons &om neighboring atoms, i.e., the substituent is

electronegative with respect to neighboring atoms. A quantification of the level of electron-

withdrawing capability is given by the Hammett sigma (a) constant. This well known

constant is described in many references, for instance, March, Advanced Organic

Chemistry 251-59 (UcGmw Hill Book Company: New York, 1977). The Hammett

10 constant values are generally negative for electron donating groups (a(P) = - 0.66 for NH2)

and positive for electron withdrawing groups (ct(P) = 0.78 for a nitro group), a(P)

indicating para substitution. Exemplary electron-withdrawing groups include nitro, acyl,

formyl, sulfonyl, trifluoromethyl, cyano, chloride, and the like. Exemplary electron-

donating groups include amino, methoxy, and the Uke.

15 The term "small molecule" is art-recognized and refers to a composition which has

a molecular weight of less than about 2000 amu, or less than about 1000 amu, and even

less than about 500 amu. Small molecules may be, for example, nucleic acids, peptides,

polypeptides, peptide nucleic acids, peptidomimetics, carbohydrates, lipids or other organic

(carbon containing) or inorganic molecules. Many pharmaceutical companies have

20 extensive Ubraries of chemical and/or biological mixtures, often fungal, bacterial, or algal

extracts, which can be screened with any of the assays described herein. The term "small

organic molecule" refers to a small molecule that is often identified as being an organic or

medicinal compound, and does not include molecules that are exclusively nucleic acids,

peptides or polypeptides.

25 The term '^modulation" is art-recognized and refers to up regulation (i.e., activation

or stimulation), down regulation (i.e., inhibition or suppression) of a response, or the two in

combination or apart.

The term "treating" is art-recognized and refers to curing as well as ameUorating at

least one symptom of any condition or disease or preventing a condition or disease firom

30 worsening.

The term **prophylactic" or "therapeutic" treatment is art-recognized and refers to

administration of a drug to a host. If it is administered prior to clinical manifestation of the
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unwanted condition (e.g., disease or other unwanted state of the host animal) then the

treatment is prophylactic, i.e., it protects the host against developing the unwanted

condition, whereas if administered after manifestation of the unwanted condition, the

treatment is therapeutic (i.e., it is intended to diminish, ameUorate or maintain the existing

5 unwanted condition or side effects therefrom).

A "patient," "subjecf' or "hosf' to be treated by the subject method may mean either

a human or non-human animal.

The term "mammal" is known in the art, and exemplary mammals include humans,

primates, bovines, porcines, canines, felines, and rodents (e.g., mice and rats).

10 The term 'Ijioavailable" when referring to a compound is art-recognized and refers

to a form of a compound that allows for it, or a portion of the amount of compound

administered, to be absorbed by, incorporated to, or otherwise physiologically available to a

subject or patient to whom it is administered.

The term "pharmaceutically-acceptable salts" is art-recognized and refers to the

15 relatively non-toxic, inorganic and organic acid addition salts of compounds, including, for

example, those contained in compositions described herein.

The term *'pharmaceutically acceptable carrier" is art-recognized and refers to a

pharmaceutically-acceptable material, composition or vehicle, such as a liquid or soUd

filler, diluent, excipient, solvent or enc25>sulating material, involved in carrying or

20 transporting any subject composition or component thereof from one organ, or portion of

the body, to another organ, or portion ofthe body. Each carrier must be "acceptable" in the

sense of being compatible with the subject composition and its components and not

injurious to the patient. Some examples of materials which may serve as pharmaceutically

acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches,

25 such as com starch and potato starch; (3) cellulose, and its derivatives, such as sodiimi

carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5)

malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository waxes; (9)

oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, oUve oil, com oil and

soybean oil; (10) glycols, such as propylene glycol; (1 1) polyols, such as glycerin, sorbitol,

30 mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13)

agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15)

alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl
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alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances

employed in pharmaceutical formulations.

The terms "systemic administration " "administered systemically," "peripheral

administration" and "administered peripherally" are art-recognized and refer to the

5 administration of a subject composition, therapeutic or other material other than directly

into the central nervous system, such that it enters the patient's system and, thus, is subject

to metabohsm and other like processes.

The terms "parenteral administration" and "administered parenterally" are art-

recognized and refer to modes of administration other than enteral and topical

10 administration, usually by injection, ^and includes, without linaitation, intravenous,

intramuscular, intraarterial, intrathecal, intracapsular, intraorbital, intracardiac,

mtradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-articxilare,

subcapsular, subarachnoid, intraspinal, and intrastemal injection and infusion.

15

Exemplary methods and compositions

Provided herein are methods and compoimds for activating a sirtuin deacetylase

protein family member (referred to as a "sirtuin protein"). The methods may comprise

contacting the sirtuin deacetylase protein family member with a compoimd, such as a

20 polyphenol, e.g. a plant polyphenol, and referred to herein as "activation compound" or

"activating compound." Exemplary sirtuin deacetylase proteins include the yeast silent

information regulator 2 (Sir2) and human SIRTl. Other family members include proteins

having a significant amino acid sequence homology and biological activity, e.g., the ability

to deacetylate target proteins, such as histones and p53, to those of SiT2 and SIRTl.

25 Exemplary activating compounds are those selected from the group consisting of

flavones, stilbenes, flavanones, isoflavanones, catechins, chalcones, tannins and

anthocyanidins. Exemplary stilbenes include hydroxystilbenes, such as trihydroxystilbenes,

e.g., 3,5,4'-trihydroxystilbene ("resveratrol"). Resveratrol is also known as 3,4',5-

stilbenetriol. Tetrahydroxystilbenes, e.g., piceatannol, are also encompassed.

30 Hydroxychalones including trihydroxychalones, such as isoUquiritigenin, and

tetrahydroxychalones, such as butein, can also be used. Hydroxyflavones including
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tetrahydroxyflavones, such as fisetin, and pentahydroxyflavones, such as quercetin, can also

be used. Exemplary compounds are set forth in Tables 1-13 and 21 (compounds for which

the ratio to control rate is >1). The compounds of Tables 1-8 may be obtained from

Biomol, Sigma/Aldrich or Indofine.

5 In one embodiment, methods for activating a sirtuin protein comprise using an

activating compound that is a stilbene or chalcone compoxmd of formula 1:

1

' wherein, independently for each occurrence,

10 Ri, R2, Rs, R4, R5, R^, R'2, R'3, R'4, and R'5 represent H, alkyl, aryl, heteroaryl,

aralkyl, alkaryl, heteroaralkyl, haUde, NO2, SR, OR, N(R)2, or carboxyl;

R represents H, alkyl, aryl, heteroaryl, or araUcyl;

M represents O, NR, or S;

A-B represents a bivalent alkyl, alkenyl, alkynyl, amido, sulfonamido, diazo, ether,

15 alkylamino, alkylsulfide, hydroxylamine, or hydrazine group; and

nisOor 1.

In a further embodiment, the methods comprise a compound of formula 1 and the

attendant definitions, wherein n is 0. In a further embodiment, the methods comprise a

compound of formula 1 and the attendant definitions, wherem n is L In a further

20 embodiment, the methods comprise a compound of formula 1 and the attmdant definitions,

wherein A-B is ethenyl. In a further embodiment, the methods comprise a compoxmd of

formula 1 and the attendant definitions, wherein A-B is -CH2CH(Me)CH(Me)CH2-. In a

further embodiment, the methods comprise a compound of formula 1 and the attendant

definitions, wherein M is O. In a further embodiment, the methods comprises a compound

25 of formula 1 and the attendant definitions, wherein Ri, R2, R3> R4> Rs, R'l, R'3, R'4, and
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R's are H. la a further embodiment, the methods comprise a compoxmd of formula 1 arid

the attendant definitions, wherein R2, R4, and R'3 are OH. In a further embodiment, the

methods comprise a compound of formula 1 and the attendant definitions, wherein R2, R4,

R'2 and R'3 are OH. In a further embodiment, the methods comprise a compound of

5 . fonnula 1 and the attendant definitions, wherein R3, R5, R'2 and R'3 are OH. In a fijrther

embodiment, the methods comprise a compound of formula 1 and the attendant definitions,

wherein Ri, R3, R5, R'2 and R'3 are OH. In a further embodiment, the methods comprise a

compound of formula 1 and the attendant definitions, wherein R2 and R'2 are OH; R4 is O-

P-D-glucoside; and R'3 is OCH3. In a fiirther embodiment, the methods comprise a

iO compound of fonnula 1 and the attendant definitions, wherein R2 is OH; R4 is 0-p-D-

glucoside; and R'3 is OCH3.

Ih a further embodiment, the methods comprise a compound of fonnula 1 and the

attendant definitions, wherein n is 0; A-B is ethenyl; and Ri, R2, R3, R4, R5> R'b R'2, R'3,

R'4, and R's are H (trans stUbene). In a further embodiment, the methods comprise a

15 compound of fonnula 1 and the attendant definitions, wherem n is 1; A-B is ethenyl; M is

O; and Ri, R2, R3, R4, Rs, R'l, R'2, R'3, R'4, and R'5 are H (chalcone). In a further

raibodiment, the methods comprise a compound of formula 1 and the attendant definitions,

wherein n is 0; A-B is ethenyl; R2, R4, and R'3 are OH; and Ri, R3, R5, R'l, R'2, R'4, and

R's are H (resveratrol). In a further embodiment, the methods comprise a compound of

20 formula 1 and the attendant definitions, wherein n is 0; A-B is ethenyl; R2, R4, R'2 and R'3

are OH; and Ri, R3, R5, R'l, R'4 and R's are H (piceatannol). In a further embodiment, the

methods comprise a compoxmd of formula 1 and the attendant definitions, wherein n is 1;

A-B is ethenyl; M is O; R3, R5, R'2 and R'3 are OH; and Ri, R2, R4, R'l, R'4, and R's are H

(butein). In a further embodiment, the methods comprise a compound of formula 1 and the

25 attendant definitions, wherein n is 1,; A-B is ethenyl; M is O; Ri, R3, Rs, R'2 and R'3 are

OH; and R2, R4, R'l, R'4, and R's are H (3,4,2',4%6'-pentahydroxychalcone). In a fiirther

embodiment, the methods comprise a compound of formula 1 and the attendant definitions,

wherein n is 0; A-B is ethenyl; R2 and R'2 are OH, R4 is 0-p-D-glucoside, R'3 is OCH3; and

Ri, R3, Rs, R'l, R'4, and R's are H (rhapontin). In a fiirther embodiment, the methods

30 comprise a compound of formula 1 and the attendant definitions, wherein n is 0; A-B is

ethenyl; R2 is OH, R4 is 0-P-D-glucoside, R'3 is OCH3; and Ri, R3, Rs, R'l, R'2, R'4, and

R's are H (deoxyrhapontin). In a further embodiment, the methods comprise a compound

of fonnula 1 and the attendant definitions,' wherein n is 0; A-B is -
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CH2CH(Me)CH(Me)CH2S R2, R3, R'2, and R'3 are OH; and Ri, R4, R5, R'u R'4, and R'5

areH(NDGA).

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compomid that is a flavanone compound offormula 2:

wherein, independently for each occurrence,

Ri, R2, R3, R4, R'l, R'2, R'3, R'4, R's, and R" represent H, alkyl, aryl, heteroaryl,

aralkyl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

R represents H, alkyl, aryl, heteroaryl, or aralkyl;

M represents H2, 0, NR, or S;

Z represents CR, O, NR, or S;

X represents CR or N; and

Y represents CR or N.

In a further embodiment, the methods comprise a compound of formula 2 and the

attendant definitions, wherein X and Y are both CH. In a further embodiment, the methods

comprise a compound of formula 2 and the attendant definitions, whereia M is O. In a

further embodiment, the methods comprise a compound of formula 2 and the attendant

definitions, whereinM is H2. In a further embodiment, the methods comprise a compound

of forrhula 2 and the attendant definitions, wherein Z is O. In a further embodiment, the

methods comprise a compound of formula 2 and the attendant definitions, wherein R" is H.

In a further embodiment, the methods comprise a compound of formula 2 and the attendant

definitions, wherein R" is QH. In a furttier embodiment, the methods comprise a

compound of formula 2 and the attendant definitions, wherein R" is an alkoxycarbonyl. In

a further embodiment, the methods comprise a compound of formula 2 and the attendant

2
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definitions, wherein Ri is OH . In a further embodiment, the methods comprise

a compound of formula 2 and the attendant definitions, wherein Ri, R2, Rs? R4, R'i> R'2,

R'3, R'4, R's and R" are H. In a further embodiment, the methods comprise a compound of

formula 2 and the attendant definitions, wherein R2, R4, and R'3 are OH. In a fiirther

5 embodiment, the methods comprise a compound of formula 2 and the attendant definitions,

wherein R4, R'2, R'3, and R" are OH. In a further embodiment, the methods comprise a

compound of formula 2 and the attendant defimtions, wherein R2, R4, R'2» R'3, and R" are

OH. In a further embodiment, the methods comprise a compound of formula 2 and the

attendant definitions, wherein R2, R4, R'2, R'3> and R" are OH.

10 In a further embodiment, the methods comprise a compound of formula 2 and the

attendant definitions, wherein X and Y are CH; M is O; Z and O; R" is H; and Ri, R2, R3,

R4, R'l, R'2, R'3, R'4, R'5 and R" are H (flavanone). In a fiirther embodiment, the methods

comprise a compoimd of formula 2 and the attendant definitions, wherein X and Y are CH;

M is O; Z and O; R" is H; R2, R4, and R'3 are OH; and Ri, R3, R'l, R'2, RU, and R'5 are H

15 (naringenin). In a further embodiment, the methods comprise a compound of formula 2

and the attendant definitions, wherein X and Y are CH; M is 0; Z and O; R" is OH; R2, R4,

R'2, and R*3 are OH; and Ri, R3, R'l, R'4, and R'5 are H (3,5,7,3%4^-

pentahydroxyflavanone). In a further embodiment, the methods comprise a compound of

formula 2 and the attendant definitions, wherein X and Y are CH; M is H2; Z and O; R" is

20 OH; R2, R4, R'2, and R'3, are OH; and Ri, R3, R'l, R'4 and R'5 are H (epicatechin). In a

further embodiment, the methods comprise a compound of formula 2 and the attendant

definitions, whereinX andY are CH; M is Hz; Z and O; R" is OH; R2, R4, R'2, R'3, and R'4

are OH; and Ri, R3, R'l, and R'5 are H (gaUocatechin). In a fiirther embodiment, the

melhods comprise a compound of formula 2 and the attendant definitions, wherein X andY

25 are CH; M is H2; Z and O; R" is OH ; R2, R4, R'2, R'3, R'4, and R" are OH; and

Ri, R3, R'l, and R*5 are H (epigallocatechin gallate).

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound that is an isoflavanone compound of formula 3:
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wherein, independently for each occurrence,

Ri, R2, R3, R4, R'u R'2, R'3, R'4, R'5, and R"i represent H, alkyl, aryl, heteroaryl,

5 aralkyl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

R represents H, alkyl, aryl, heteroaryl, or aralkyl;

M represents H2, O, NR, or S;

Z represents C(R)2, O, NR, or S;

X represents CR orN; and

10 Y represents CR or N.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compoimd that is a flavone compound of formula 4:

R4 M

4

15 wherein, independently for each occurrence,

Ru R2, R3, R4, R'l, R'2, R'3, R'4, and R'5, represent H, alkyl, aryl, heteroaryl,

aralkyl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

R represents H, alkyl, aryl, heteroaryl, or aralkyl;

M represents H2, 0, NR, or S;

Z represents CR, O, NR, or S; and
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X represents CR" or N, wherein

R" is H, alkyl, aryl, heteroaryl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2,

or carboxyl.

In a further embodiment, the methods comprise a compoimd of formula 4 and the

5 attendant definitions, wherein X is C. In a further embodiment, the methods comprise a

compound of formula 4 and the attendant definitions, wherein X is CR. In a fiirther

embodiment, the methods comprise a compound of formula 4 and the attendant definitions,

wherein Z is O. In a further embodiment, the methods comprise a compound of formula 4

and the attendant definitions, wherem M is O. In a fiirfher embodiment, the methods

10 comprise a compound of formula 4 and the attendant definitions, wherein R" is H. In a

fiirther embodiment, the methods comprise a compound of formula 4 and the attendant

definitions, wherein R" is OH. In a fiarfher embodiment, the methods comprise a

compound of formula 4 and the attendant definitions, wherein Ri, R2, R3, R4, R'b R'2, R'3,

R'4, and R's are H. In a fiirther embodiment, the methods comprise a compoxmd offormula

15 4 and the attendant definitions, wherein R2, R'2, and R'3 are OH. In a fiirther embodiment,

the methods comprise a compound of formula 4 and the attendant defiuiitions, wherein R2,

R4, R'2, R'3, and R'4 are OH. In a fiutiier embodiment, the methods comprise a compound

of formula 4 and the attendant definitions, wherein R2, R4, R'2, and R'3 are OH. In a fiirther

embodiment, the methods comprise a compound of formula 4 and the attendant definitions,

20 wherein R3, R'2, and R'3 are OH. In a fiirther embodiment, the methods comprise a

compound of formula 4 and the attendant definitions, wherein R2, R4, R'2, and R'3 are OH.

In a fiirther embodiment, the methods comprise a compound of formula 4 and the attendant

defiuoitions, wherein R2, R'2, R'3, and R'4 are OH. In a fiirther embodiment, the methods

comprise a compound of formula 4 and the attendant definitions, wherein R2, R4, and R'3

25 are OH. In a fiirther embodiment, the methods comprise a compound offormula 4 and the

attendant definitions, wherein R2, R3, R4, and R'3 are' OH. In a finther embodiment, the

methods comprise a compound of formula 4 and the attendant definitions, wherem R2, R4,

and R'3 are OH. In a fiirther embodiment, the methods comprise a compound of formula 4

and the attendant definitions, wherem R3, R'l, and R'3 are OH. In a further embodiment,

30 the methods comprise a compound of formula 4 and the attendant definitions, wherein R2

and R'3 are OH. In a fiirther embodiment, the methods comprise a compound offormula 4

and the attendant definitions, wherein Ri, R2, R'2, and R'3 are OH. In a finrther

embodiment, the methods comprise a compound offormula 4 and the attendant definitions,
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wherein R3, R'l, and R'2 are OH. In a further embodiment, the methods comprise a

compomid of formula 4 and the attendant definitions, wherein R'3 is OH. In a further

embodiment, the methods comprise a compound of formula 4 and the attendant definitions,

wherein R4 and R'3 are OH. In a further embodiment, the methods comprise a compound

5 of formula 4 and the attendant definitions, wherein R2 and R4 are OH. In a further

embodiment, the methods comprise a compound of fomiula 4 and the attendant definitions,

wherein R2, .R4, R*i, and R'3 are OH. In a further embodiment, the methods comprise a

compound of foimula 4 and the attendant definitions, wherein R4 is OH. In a furfliex

embodiment, the methods comprise a compound of formula 4 and the attendant definitions,

10 wherein R2, R4, R'25 R*3, and R'4 are OH. In a further embodiment, the methods comprise a

compound offormula 4 and the attendant definitions, wherein R2, R'2, R'3, and R 4 are OH.

In a further embodiment, the methods comprise a compound of formula 4 and the attendant

definitions, wherein Ri, R2, R4, R'2, and R'3 are OH.

In a further embodiment, the methods comprise a compound of formula 4 and the

15 attendant definitions, wherein X is CH; Z is O; M is O; and Ri, R2, R3, R4, R'u R'2, R'3,

R'4, and R'5 are H (flavone). In a further embodiment, the methods comprise a compound

of formula 4 and the attendant definitions, wherein X is COH; Z is O;M is O; R2, R'2, and

R'3 are OH; and Ri, R3, R4, R'l, R'4, and R'5 are H (fisetin). In a further embodiment, the

methods comprise a compound offormula 4 and the attendant definitions, whereinX is CH;

20 Z is O; M is O; R2, R4, R'2, R'3, and R'4 are OH; and R,, R3, R'l, and R'5 are H
(5,7,3%4'^'-pentahydroxyflavone). In a further embodiment, the methods comprise a

compound of formula 4 and the attendant definitions, whereinX is CH; Z is O; M is O; R2,

R4, R'2, and R'3 are OH; and Ri, R3, R'l, R'4, and R'5 are H (luteoUn). Jn a fiirther

embodiment, the methods comprise a compound of formula 4 and the attendant definitions,

25 wherein X is COH; Z is O; M is O; R3, R'2, and 'R'3 are OH; and Ri, R2, R4, R'l R'4, and

R'5 are H (3,6^S4'-tetrahydroxyflavone). In a further embodiment, the methods

comprise a compound of formula 4 and the attendant definitions, wherein X is COH; Z is

O; M is O; R2, R4, R'2, and R'3 are OH; and Ri, R3, R'l, R'4, and R'5 are H (quercetin). In

a further embodiment, the methods comprise a compound of formula 4 and the attendant

30 definitions, wherein X is CH; Z is O; M is O; R2, R'2, R's, and R'4 are OH; and Ri, R3, R4,

R'l, and R'5 are H. In a fiirther embodiment, the methods comprise a compound of formula

4 and the attendant definitions, wherein X is COH; Z is O; M is O; R2, R4, and R'3 are OH;

and Ri, R3, R'l, R'2, R'4, and R'5 are H. In a further embodiment, the methods comprise a
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compound of fonnula 4 and the attendant definitions, wherein X is CH; Z is 0; M is O; R2,

R3, R4, and R'3 are OH; and Ri, R'l, R'2, R'4, and R'5 are H. In a further embodiment, the

methods comprise a compound of fonnula 4 and the attendant definitions, whareuiX is CH;

Z is O; M is O; R2, R4, and R'3 are OH; and Ri. R3. R'u R'2, RU, and R's are H. In a

further embodiment, the methods comprise a compound of formula 4 and the attendant

definitions, wherein X is COH; Z is O; M is O; R3, R'l, and R'3 are OH; and Ri, R2, R4,

R'2, R'4, and R's are H. In a further embodiment, the methods comprise a compound of

formula 4 and the attendant definitions, wherein X is CH; Z is O; M is O; R2 and R'3 are

OH; and Ru R3, R4, R'l, R'2, R'4, and R's are H. In a further embodiment, the methods

comprise a compound of formula 4 and tiie attendant definitions, wherein X is COH; Z is

0;M is O; R,, R2, R'2, and R'3 are OH; and Ri. R2. R4, R'3, R'4, and R's are H. In a fimher

embodiment, the methods comprise a compound of formula 4 and the attendant defmitions,

wherein X is COH; Z is O; M is 0; R3, R'l, and R'2 are OH; and Ri, R2, R4; R'3, R'4, and

R's are H. hi a further embodiment, the methods comprise a compound of fonnula 4 and

the attendant definitions, wherein X is CH; Z is O; M is O; R'3 is OH; and Ri, R2, R3, R4,

R'l, R'2, R'4, and R's are H. hi a further embodiment, the methods comprise a compound

offonnula 4 and the attendant definitions, wherein X is CH; Z is O; M is O; R4 and R'3 are

OH; and Ri, R2, R3, R'l, R'2, R'4, and R'5 are H. hi a further embodiment, the methods

comprise a compound of formula 4 and the attendant definitions, wherein X is CH; Z is O;

M is O; R2 and R4 are OH; and Ri, R3, R'l, R'2, R's, R'4, and R's are H. hi a further

embodiment, the methods comprise a conq)ound of formula 4 and the attendant definitions,

wherein X is COH; Z is O; M is O; R2, R4, R'l, and R'3 are OH; and Ri, R3, R'2, R'4, and

R's are H. In a fiirther embodiment, the methods comprise a compound of formula 4 and

the attendant definitions, wherein X is CH; Z is O; M is O; R4 is OH; and Ri, Rz, R3, R'l,

R'2, R'3, R'4, and R's are H. In a further embodiment, the methods comprise a compound

of formula 4 and the attendant definitions, wherein X is COH; Z is O; M is O; Rz, Rt, R'2,

R'3, and R'4 are OH; and Ri, R3, R'l, and R's are H. Ma fiorther embodiment, the methods

comprise a compound of fonnula 4 and the attendant definitions, wherein X is COH; Z is

O; M is O; R2, R'2, R's, and R'4 are OH; and Ri, R3, R4, R'l, and R's are H. hi a fiirther

embodiment, the methods comprise a compound of fonnula 4 and the attendant definitions,

wherein X is COH; Z is O; M is O; Ri, R2, R4, R'2, and R'3 are OH; and R3, R'l, R'4, and

R's are H.
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In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound that is an isoflavone compound of formula 5:

5

5 wherein, independently for each occurrence,

Ri, R2, R3, R4, R'l, R'2, R'3, R'4, and R'5, represent H, alkyl, aryl, het^oaryl,

aralkyl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

R represents H, alkyl, aryl, heteroaryl, or aralkyl;

M represents H2, 0, NR, or S;

10 Z represents C(R)2, O, NR, or S; and

Y represents CR" or N, wherein

R" represents H, alkyl, aryl, heteroaryl, alkaryl, heteroaralkyl, halide, NO2, SR, OR,

N(R)2, or carboxyl.

In a fiirther embodiment, the methods comprise a compound of formula 5 and the

15 attendant definitions, wherein Y is CR". In a further embodiment, the methods comprise a

compound of formula 5 and flie attendant definitions, wherein Y is CH. hi a further

embodiment, the methods comprise a compound of formula 5 and the attendant definitions,

wherein Z is O. In a further embodiment, the methods comprise a compound of formula 5

and the attendant definitions, wherein M is O. In a further embodiment, the methods

20 comprise a compound of formula 5 and the attendant definitions, wherein R2 and R'3 are

OH. In a further embodiment, the methods comprise a compound of formula 5 and the

attendant definitions, wherein R2, R4, and R*3 are OH.

In a further embodiment, the methods comprise a compound of formula 5 and the

attendant definitions, whereinY is CH; Z is O; M is O; R2 and R'3 are OH; and Ri, R3, R4,

25 R'l, R'2, R'4, and R'5 are H. hi a further embodiment, the methods comprise a compound
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of fonnula 5 and the attendant definitions, whereinY is CH; Z is O;M is O; R2, R4, and R'3

are OH; and Ri, R3, R'l, R'2, R'4, and R'5 are H.

In another embodiment, methods for activating a sirtuin protein comprise usmg an

activating compound that is an anthocyanidin compoxmd of formula 6:

5

(fa

R5 R4

6

wherein, independently for each occurrence,

R3, R4, R53 TU, R7, Rs, R'2, R'3, R'4, R'5, and R\ represent H, alkyl, aryl, heteroaryl,

aralkyl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

10 R represents H, alkyl, aryl, heteroaryl, or aralkyl; and

A" represents an anion selected from the following: Cr, Bf, or T.

In a further embodimait, the methods comprise a compound of formula 6 and the

attendant definitions, wherein A" is CI". In a further embodiment, the methods comprise a

compound of formula 6 and the attendant definitions, wherein R3, R5, R7, and R*4 are OH.

15 In a further embodiment, the methods comprise a compound of formula 6 and the attendant

definitions, wherein R3, R5, R7, R'3, and R'4 are OH. In a further embodiment, the methods

comprise a compound of formula 6 and the attendant definitions, wherein R3, R5, Ry* R'3,

R'4, and R'5 are OH.

In a ftuiher embodiment, the methods comprise a compound of formula 6 and the

20 attendant definitions, wherein A' is CI"; R3, R5, R7, and R'4 are OH; and R4, Re, Rg, R'2, R'3,

R'5, and R'6 are H. In a further embodiment, the methods comprise a compound of formula

6 and the attendant definitions, wherein A* is CI'; R3, R5, R?, R'3, and R'4 are OH; and R4,

Re, Rs, R'2, R'5, and R'e are H. In a further embodiment, the methods comprise a

compoimd of formula 6 and the attendant definitions, wherein A* is CI"; R3, R5, R?, R's* R'4>

25 and R'5 are OH; and R4, Re, Rg, R'2, and R'e are H.
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Methods for activating a sirtuin protein may also comprise using a stilbene,

chalcone, or flavone compotmd represented by formula 7:

7

5 wherein, independently for each occurrence,

M is absent or O;

Ri, R2, R3, R4, R5, R*u and R'5 represent H, alkyl, aryl, heteroaryl,

aralkyl, alkaryl, heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

Ra represents H or the two instances ofRa form a bond;

10 R represents H, alkyl, aryl, heteroaryl, aralkyl; and

nisOor 1.

In a further embodiment, the methods comprise an activating compound represented

by formula 7 and the attendant definitions, wherein n is 0. In a further embodiment, the

methods comprise an activating compound represented by formula 7 and the attendant

15 dejSnitions, wherein n is 1. In a further embodiment, the methods comprise an activating

compound represented by formula 7 and the attendant defkdtions, wherein M is absent. In

a further embodiment, the methods comprise an activating compound represented by

formula 7 and the attendant definitions, wherein M is O. In a further embodiment, the

methods comprise an activating compound represented by formula 7 and the attendant

20 definitions, wherein Ra is H. In a further embodiment, the methods comprise an activating

compound represented by formula 7 and the attendant definitions, whereinM is O and the

two Ra form a bond.

hi a further embodiment, the methods comprise an activating compound represented

by formula 7 and the attendant definitions, wherein R5 is H. In a further embodiment, the

25 methods comprise an activating compound represented by formula 7 and the attendant
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definitions, wherein R5 is OH. hi a further embodunent, the methods comprise an

activating compound represented by formula 7 and the attendant definitions, wherein Ri,

R3, and R'3 are OH. In a fiirther embodiment, the methods comprise an activating

compound represented by formula 7 and the attendant definitions, wherein R2, R4, R'2, and

5 R'3 are OH. In a further embodiment, the methods comprise an activating compound

represented by formula 7 and the attendant definitions, wherein R2, R'2, and R'3 are OH. In

a further embodiment, the methods comprise an activating compound represented by

formula 7 and the attendant definitions, whardn R2 and R4 are OH.

In a fiorther embodiment, the methods include contactmg a cell with an activating

10 compound represented by formula 7 and the attendant definitions, wherein n is 0; M is

absent; R. is H; R5 is H; Ri, R3, andR'3 are OH; and R2, R4, R'l, R'2. R'4, and R'5 are H. In

a fiJTther embodiment, the methods comprise an activating compound represented by

formula 7 and the attaidant definitions, wherein n is 1; M is absent; is H; R5 is H; R2, R4,

R'2, and R'3 are OH; and Ri, R3, R'l. R'4, and R'5 are H. In a further embodiment, the

15 methods comprise an activating compound represented by formula 7 and the attendant

definitions, wherein n is 1; M is O; the two R* form a bond; Rs is OH; R2, R'2, and R'3 are

OH; and Ri, R3, R4, R'l, R'4, and R'5 are H.

Other compounds for activating sirtuin deacetylase protein family members include

compounds having a formula selected fiiom the group consisting of formulas 8-25 and 30

20 set forth below.
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8

Ri, R2 = H, aryl, heterocjycle, small alkyi

A,B,C.D = CRi,N '

n = 0,1.2.3

Ri, R2 = H, aryl. heterocycle. small alkyl

R'l-R*5 = H, OH
A,B,C,D = CRi,N
n = 0,1,2.3

O
12

Ri,R2 = H. alkyl, alkenyl

PCT/US2004/021479

OH R2

9

Ri. R2 = H, aryl, heterocycle, small alkyl

R3 = H. srtiall alkyl

A,B = CRi,N
n = 0,1 ,2,3

OH R2

11

Ri, R2 = H, aryl, heterocycle, small alkyl

R3 = H, small alkyl

R'l-R's = H. OH '

A.B = CRi,N

n = 0,1,2,3

R = Heterocycle, aryl

n = 0-10
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Ri = H, halogen.N02.SR(R=H.alkyl.aryl).OR(R = H. alkyl. aryl). NRR'(R,R'=alkyl,aryl), alkyl. aryl. carbox;

R2 =H. halogen,N02,SR(R=H.alkyl.aryl).OR(R= H. alkyl, aryl), NRR'(R.R'=alkyl,aryl). alkyl, aryl, carboxy

R3 =H, halogen.N02,SR{R=H,alkyl,aryl),OR(R = H. alkyl. aryl). NRRXR.R"=alkyl,aryl). alkyl, aryl. carboxy

R4 =H. halogen.N02.SR(R=H,alkyl.aryl).OR(R = H. alkyl. aryl), NRR'(R.R'=alkyl,aryl), alkyl. aryl, carboxy

R5 =H. haIogen.N02.SR(R=H.alkyl.aryl),OR(R = H, alkyl. aryl), NRR'(R.R'=aikyl,aryl). alkyl. aryl. carboxy

R'l =H. halogen.N02.SR(R=H,alkyl.aryl).OR(R = H. alkyl. aryl). NRR'(R.R'=alkyl.aryl), alkyl, aryl, carboxy

R'2 =H, halogen,N02,SR(R=H,alkyl,aryl),OR(R = H, alkyl. aryl), NRR'(R.R-alkyl.aryl), alkyl, aryl, carboxj

R'3 = H. halogen.N02.SR(R=H,alkyl.aryl).OR(R = H, alkyl. aryl), NRR'(R,R-alkyl.aryl), alkyl, aryl. carbox

R'4 = H, halogen.N02,SR(R=H,alkyl.aryl).OR(R = H, alkyl. aryl). NRR(R,R'=alkyl.aryl), alkyl, aryl. carbox

R's =H. halogen,N02,SR(R=H.alkyl.aryl),OR(R = H, alkyl. aryl), NRR'(R,R -alkyl.aryl), alkyl. aryl, carboxy

R"i = H, halogen,N02,SR(R=H.alkyl.aryl),OR{R = H. alkyl. aryl). NRR'(R,R'=alkyl,aryl). alkyl. aryl, carbo>

A-B = ethene,ethyne.amide.sulfonamlde.diazo.alkyl ether.alkyi amine.alkyl sulfide.hydroxyamlne,hydrazl

X = CRN
Y = CR.N

Z = 0.S.C(R)2.NR

R = H, alkyl. aryl. aralkyi
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wherein, independently for each occurrence,

R = H, alkyl, aryl, heterocyclyl, heteroaryl, or aralkyl; and

R' = H, halogen, NO2, SR, OR, NR2, alkyl, aryl, or carboxy.

R

20

wherein, independently for each occurrence,

R = H, alkyl, aryl, heterocyclyl, heteroaryl, or aralkyl.

wherein, independently for each occurrence,

R' = H, halogen, NO2, SR, OR, NR2, alkyl, aryl, aralkyl, or carboxy; and

R = H, alkyl, aryl, heterocyclyl, heteroaryl, or aralkyl.
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wherein, independently for each occurrence,

L represents CR2, 0, NR, or S;

R represents H, alkyl, aryl, aralkyl, or heteroaralkyl; and

R' represents H, halogen, NO2, SR, OR, NR2, alkyl, aryl, aralkyl, or carboxy.

wherein, independently for each occurrence,

L represents CR2, 0, NR, or S;

W represents CR or N;

R represents H, alkyl, aryl, aralkyl, or heteroaralkyl;

At represents a fused aryl or heteroaryl ring; and

R' represents H, halogen, NO2, SR, OR, NR2, alkyl, aryl, aralkyl, or carboxy.

23
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24

wherein, independently for each occurrence,

L represents CR2, O, NR, or S;

R represents H, alkyl, aryl, aralkyl, or heteroaralkyl; and

R' represents H, halogm, NO2, SR, OR, NR2, alkyl, aryl, aralkyl, or carboxy.

R*

R"

25

10 wherein, independently for each occurrence,

L represents CR2, 0, NEl, or S;

R represents H, alkyl, aryl, aralkyl, or heteroaralkyl; and

R' represents H, halogen, NO2, SR, OR, NR2, alkyl, aryl, aralkyl, or carboxy.

Methods for activating a sirtuin protein may also comprise using a stilbene,

15 chalcone, or flavone compound represented by formula 30:

R2

R's

30

wherein, independently for each occurrence.
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D is a phenyl or cyclohexyl group;

Ri, R2, R3, R4, R5, R'l, R'2, R*3, R'4, and R'5 represent H, alkyl, aryl, heteroaryl,

alkaryl, heteroaralkyl, haUde, NO2, SR, OR, N(R)2, carboxyl, azide, ether; or any two

adjacentR or R' groups taken together form a fused benzene or cyclohexyl group;

R represents H, alkyl, aryl, or aralkyl; and

A-B represents an ethylene, ethenylene, or imine group;

provided that when A-B is ethenylene, D is phenyl, and R'3 is H: R3 is not OH when

Ri, R2, R4, and R5 are H; and R2 and R4 are not OMe when Ri, R3, and R5 are H; and R3 is

not OMe when Ri, R2, R4, and R5 are H.

In a further embodiment, the methods mclude contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein D is a phenyl

group.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant deJBnitions, wherein A-B is an

ethenylene or imine group.

In a further embodiment, the methods include contacting a cell wifli an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is an

ethenylene group.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein R2 is OH.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein R4 is OH

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein R2 and R4 are

OH.

In a further embodiment, the methods include contacting a cell with an activating

compoimd represented by formula 30 and the attendant definitions, wherein D is a phenyl

group; and A-B is an ethenylene group.
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In a fiirther embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein D is a phenyl

group; A-B is an ethenylene group; and R2 and R4 are OH.

In a further embodiment, the methods include contacting a cell with an activating

5 compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is CI.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is OH.

10 In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is H.

In a fiirther embodiment, the methods include contacting a cell with an activating

compoimd represented by formula 30 and the attendant defhiitions, wherein A-B is

1 5 ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is CH2CH3.

In a fiirther embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is F.

In a further embodiment, the methods include contacting a cell with an activating

20 compound represented by formula 30 and the ; attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is Me.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherem A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is an azide.

25 In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is SMe.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

30 ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is NO2.
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In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is CH(CH3)2.

In a further embodiment, the methods include contacting a cell with an activating

5 compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is OMe.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; R*2 is OH; and R'3 is OMe.

10 In a fiirther embodiment, the methods include contacting a cell with an activating

'compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 is OH; R4 is carboxyl; and R'3 is OH.

In a further embodiment, the methods include contactrag a cell with an activating

compound represented by formula 30 and the attendant definitions, wheriein A-B is

15 ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is carboxyl.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 and R'4 taken together form a

fused benzene ring.

20 In a further embodiment, the methods include contacting a cell with an activating

compoxmd represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; and R4 is OH.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

25 ethenylene; D is a phenyl ring; R2 and R4 are OCH2OCH3; and R'3 is SMe.

In a further embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is carboxyl.

In a further embodiment, the methods include contacting a cell with an activating

30 compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a cyclohexyl ring; and R2 and R4 are OH.



wo 2005/002555 PCT/US2004/021479
47

In a fiirther embodiment, the methods include contacting a cell with an activating

compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; and R3 and R4 are OMe.

In a further embodiment, the methods include contacting a cell with an activating

5 compound represented by formula 30 and the attendant definitions, wherein A-B is

ethenylene; D is a phenyl ring; R2 and R4 are OH; and R'3 is OH.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 32:

R

10 32

wherein, independently for each occurrence:

R is H, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl; and

Ri and R2 are a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

1 5 heterocyclylalkyl, heteroaryl, or heteroaralkyl.

In a further embodiment, the methods comprise a compound offormula 32 and the

attendant definitions whereinR is H.

In a further embodiment, the methods comprise a compoimd of formula 32 and the

attendant definitions wherein Ri is 3-hydroxyphenyl.

20 In a further embodiment, the methods comprise a compound of formula 32 and the

attendant definitions wherein R2 is methyl.

In a further embodiment, the methods comprise a compound offormula 32 and the

attendant definitions whereinR is H and Ri is 3-hydroxyphenyl.

In a further embodiment, the methods comprise a compound offormula 32 and the

25 attendant definitions wherein R is H, Ri is 3-hydroxyphenyl, and R2 is methyl.
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la another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 33:

33

5 wherein, independently for each occurrence:

R is H, or a substituted or unsubstituted alkyl, alkenyl, or alkynyl;

Ri and R2 are a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

LisO,S,orNR.

10 In a further embodiment, the methods comprise a compound of fonnula 33 and the

attendant definitions whereinR is alkynyl.

In a further embodiment, the methods comprise a compound offormula 33 and the

attendant definitions wherein Ri is 2,6-dichlorophenyL

In a further embodiment, the methods comprise a compound offormula 33 and the

1 5 attendant definitions wherein R2 is methyl.

In a further embodiment, the methods comprise a compound offormula 33 and the

attendant definitions wherein L is O.

In a further embodiment, the methods comprise a compound offormula 33 and the

attendant definitions whereinR is alkynyl and Ri is 2,6-dichlorophenyl.
j

20 In a further embodiment, the methods comprise a compoxmd of formula 33 and the

attendant definitions wherein R is alkynyl, Ri is 2,6-dichlorophenyl, and R2 is methyl.

In a further embodiment, the methods comprise a compound of formula 33 and the

attendant definitions whereinR is alkynyl, Ri is 2,6-dichlorophenyl, R2 is methyl, and L is

O.

25 In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 34:
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R

wherein, independently for each occurrence:

R, Ru and R2 are H, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

n is an integer from 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound of formula 34 and the

attendant definitions whereinR is 3,5-dichloro-2-hydroxyphenyl.

In a further embodiment, the methods comprise a compound offormula 34 and the

attendant definitions wherein Ri is H.

In a further embodiment, the methods comprise a compound of formula 34 and the

attendant definitions wherein R2 is H.

In a further embodiment, the methods comprise a compound of formula 34 and the

attendant definitions wherein n is 1

.

In a further embodunent, the methods comprise a compound offormula 34 and the

attendant definitions wherein R is 3,5-dichloro-2-hydroxyphenyl and Ri is H.

In a further embodiment, the methods comprise a compound of formula 34 and the

attendant definitions wherein R is 3,5-dichloro-2-hydroxyphenyl, R\ is H, and R2 is H.

In a further anbodinaent, the methods comprise a compound of formula 34 and the

attendant definitions wherein R is 3,5-dichloro-2-hydroxyphenyl, Ri is H, R2 is H, and n is

1.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 35:
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35

wherein, independently for each occurrence:

R is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

5 Ri is a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

R2 is hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, caxboxylic acid,

nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, heteroaralkyl;

10 L is O, NEl, or S;

m is an integer from 0 to 3 inclusive;

n is an integer from 0 to 5 inclusive; and

o is an integer from 0 to 2 inclusive.

In a ftulher embodiment, the methods comprise a compound offormula 35 and the

1 5 attendant definitions whereinR is phenyl.

hi a further embodiment, the methods comprise a compound of formula 35 and the

attendant definitions wherein Ri is pyridine.

In a ftulher embodiment, the methods comprise a compound of formula 35 and the

attendant defijaitions wherein L is S

.

20 In a further embodiment, the methods comprise a compound of formula 35 and the

attendant definitions whereinm is 0.

hi a further embodiment, the methods comprise a cotapound of formula 35 and the

attendant definitions whereinn is 1.

In a further embodiment, the methods comprise a compound offormula 35 and the

25 attendant definitions wherein o is 0.

In a further embodiment, the methods comprise a compound of formula 35 and the

attendant definitions whereinR is phenyl and Ri is pyridine.

In a further embodiment, the methods comprise a compound of formula 35 and the

attendant definitions whereinR is phenyl, Ri is pyridine, and L is S.
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15

20

In a further embodiment, the methods comprise a compoimd of formula 35 and the

attendant definitions whereinR is phenyl, Ri is pyridine, L is S, andm is 0.

In a further embodiment, the methods comprise a compound offormula 35 and the

attendant definitions whereinR is phenyl, Rj is pyridine, L is S, m is 0, and n is 1

.

In a further embodiment, the methods comprise a compound of formula 35 and the

attendant definitions wherein R is phenyl, Ri is pyridine, L is S, m is 0, n is 1, and o is 0.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 36:

wherein, independently for each occurrence:

R, R3, and R4 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaxyl, heteroaralkyl;

Ri and R2 are H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, heteroaralkyl;

Li is O, NRu S, C(R)2, or SO2; and

L2 and L3 are O, NRi, S, or C(R)2.

In a further embodiment, the methods comprise a compound offormula 36 and the

attendant definitions whereinR is H.

In a further embodiment, the methods comprise a compound offormula 36 and the

attendant definitions wherein Ri is 4-chlorophenyL

In a further embodiment, the methods comprise a compound offormula 36 and the

attendant definitions wherein R2 is 4-chlorophenyl.

In a further embodiment, fhe methods comprise a compound offormula 36 and the

attendant definitions wherein R3 is H.
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In a further embodiment, the methods comprise a compound offonnula 36 and the

attendant dejBnitions wherein R4 is H.

hi a further embodiment, the methods comprise a compound of fonnula 36 and the

attendant definitions wherein Li is SO2.

5 hi a further embodiment, the methods comprise a compound of fonnula 36 and the

attendant definitions wherein L2 is NH.

Li a further embodiment, the methods comprise a compound offormula 36 and the

attendant definitions wherein L3 is O.

In a further embodiment, the methods comprise a compound of formula 36 and the

10 attendant definitions whereinR is H and Ri is 4-chlorophenyl.

In a further embodiment, the methods comprise a compound of formula 36 and the

attendant definitions whereinR is H, Ri is 4-chlorophenyl, and R2 is 4-chlorophenyL

In a further embodiment, the methods comprise a compound of formula 36 and the

attendant definitions wherein R is H, Ri is 4-chlorophenyl, R2 is 4-chlorophenyl, and R3 is

15 H.

In a further embodiment, the methods comprise a compound of fonnula 36 and the

attendant definitions whereinR is H, Ri is 4-chlorophenyl, R2 is 4-chlorophenyl, R3 is H,

and R4 is H.

In a further embodiment, the methods comprise a compound offormula 36 and the

20 attendant definitions whereinR is H, Ri is 4-chlorophenyl, R2 is 4-chlorophenyl, R3 is H,

R4 is H, and Li is SO2.

In a further embodiment, the methods comprise a compound of formula 36 and the

attendant definitions whereinR is H, Ri is 4-chlorophenyl, R2 is 4-chlorophenyl, R3 is H,

R4 is H, Li is SO2, and L2 is NH.

25 In a further embodiment, the methods comprise a compound offormula 36 and the

attendant definitions whereinR is H, Ri is 4-chlorophenyl, R2 is 4-chlorophenyl, R3 is H,

R4 is H, Li is SO2, L2 is NH, and L3 is O.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offonnula 37:
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N

37

wherein, independently for each occurrence:

R is hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyUc acid,

5 nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, heteroaralkyl;

Ri is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, heteroaralkyl;

R2 and R3 areH or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

10 heterocyclylalkyl, heteroaryl, heteroaralkyl;

L is O, NRi, or S; and

n is an integer firom 0 to 4 inclusive.

In a further embodhnent, the methods comprise a compound of formula 37 and the

attendant definitions whereinR is methyl.

15 hi a further embodhnent, the methods comprise a compound of formula 37 and the

attendant definitions wherein n is 1

.

to a further embodiment, the methods comprise a compound offormula 37 and the

attendant definitions wherein R\ is 3-fluorophenyl.

to a fiuther embodiment, the methods comprise a compound of formula 37 and the

20 attendant definitions wherein R2 is H.

to a further embodiment, the methods comprise a compound of formula 37 and the

attendant definitions wherein R3 is 4-chlorophenyl.

to a further embodiment, the methods comprise a compound of formula 37 and the

attendant definitions wherein L is O.

25 to a flirther embodiment, the methods comprise a compound of formula 37 and the

attendant definitions wheremR is methyl and n is 1.
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In a further embodiment, the methods comprise a compound of formula 37 and the

attendant definitions whereinR is methyl, n is 1, and Ri is 3-fluorophenyL

In a further embodiment, the methods comprise a compoxmd of foraiula 37 and the

attendant definitions whereinR is methyl, n is 1, Ri is 3-fluorophenyl, and R2 is H.

5 In a further embodiment, the methods comprise a compoimd of formula 37 and the

attendant definitions whereinR is methyl, n is 1, Ri is 3-fluorophenyl, R2 is H, and R3 is 4-

chlorophenyl.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 38:

O

10

wherein, independently for each occurrence:

R and Ri are H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

15 Li andL2areO,NR,orS.

In a further embodiment, the methods comprise a compound of formula 38 and the

attendant definitions whereinR is 3-methoxyphenyl.

In a further embodiment, the methods comprise a compound of formula 38 and the

attendant definitions wherein Ri is 4-t-butylphenyL

20 In a further embodiment, the methods comprise a compound of formula 38 and the

attendant definitions wherein Li is NH.

In a further embodiment, the methods comprise a compound offormula 38 and the

attendant definitions wherein L2 is O.

In a fiirther embodiment, the methods comprise a compound offormula 38 and the

25 attendant definitions wherein R is 3-methoxyphenyl and Ri is 4-t-butylphenyl.

In a further embodiment, the methods comprise a compoimd offormula 38 and the

attendant definitions whereinR is 3-methoxyphenyl, Ri is 4-t-butylphenyl, and Li is NH.
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In a further embodiment, the methods comprise a compound of formula 38 and the

attendant definitions whereinR is 3-methoxyphenyl, Ri is 4-t-butylphenyl, Li is ISIH, and L2

is 0.

In another embodiment, methods for activating a sirtuin protein comprise using an

5 activating compound of formula 39:

O

39

wherein, independently for each occurrence:

R is H, hydroxy, amino, cyano, hahde, alkoxy, ether, ester, amido, ketone, carboxylic acid,

10 nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Ri is H or a substituted or unsubstituted alkyl, aryl, alkaryl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Li and L2 are 0, NR, or S; and

15 n is an integer from 0 to 4 inclusive.

In a further embodiment, the methods comprise a compound of formula 39 and the

attendant definitions whereinR is methyl.

In a further embodiment, the methods comprise a compound of formula 39 and the

attendant definitions wherein n is 1.

20 In a further embodiment, the methods comprise a compound of formula 39 and the

attendant definitions wherein Ri is 3,4,5-trimethoxyphenyl.

In a further embodiment, the methods comprise a compound of formula 39 and the

attendant definitions wherein Li is S.

In a further embodiment, the methods comprise a compound offormula 39 and the

25 attendant definitions wherein La is NH.

In a further embodiment, the methods comprise a compound of formixla 39 and the

attendant definitions whereinR is methyl and n is 1

.
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In a fiirtber embodiment, the methods comprise a compound of fomaula 39 and the

attendant definitions wherein R is methyl, n is 1, and Ri is 3,4,5-trimethoxyphenyl.

In a fiirther embodiment, the methods comprise a compound offomiula 39 and the

attendant definitions wherein R is methyl, n is 1, Ri is 3,4,5-trimethoxyphenyl, and Li is S.

5 hi a fiirther embodiment, the methods comprise a compound of fomiula 39 and the

attendant definitions whereinR is methyl, n is 1, Ri is 3,4,5-trimethoxyphenyl, Li is S, and

L2isNH.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 40:

wherein, independently for each occurrence:

R, Ru R2, R3 are H or a substituted or unsubstituted alkyl, aryl, alkaryl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

15 R4 is hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyUc acid,

nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Li and la are O, NR, or S; and

n is an integer firom 0 to 3 inclusive.

20 In a further embodunent, the methods comprise a compound offormula 40 and the

attendant definitions whereinR is H.

In a further embodiment, the methods comprise a compound of fomiula 40 and the

attendant definitions wherein Ri is perfluorophenyl.

25 attendant definitions wherein R2 is H.

In a further embodiment, the methods comprise a compound offormula 40 and the

attendant definitions wherein R3 is H.

10

40

In a further embodiment, the methods comprise a compound of formula 40 and the
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In a further embodiment, the methods comprise a compound of formula 40 and the

attendant definitions wherein Li is O.

In a further embodiment, the methods comprise a compound of formula 40 and the

attendant definitions wherein L2 is O.

5 In a further embodiment, the methods comprise a compound of formula 40 and the

attendant definitions wherein n is 0.

In a further embodiment, the methods comprise a compound of formula 40 and the

attendant definitions whereinR is H and R\ is perfluorophenyl.

10 attendant definitions whereinR is H, R\ is perfluorophenyl, and R2 is H.

In a fiirther embodiment, the methods comprise a compound of formula 40 and the

attendant definitions R is H, Ri is perfluorophenyl, R2 is H, and R3 is H.

In a further embodiment, the methods comprise a compoimd offormula 40 and the

attendant definitions whereinR is H, Ri is perfluorophenyl, R2 is H, R3 is H, and Li is O.

15 In a further embodiment, the methods comprise a compound of formula 40 and the

attendant definitions whereinR is H, Ri is perfluorophenyl, R2 is H, R3 is H, Li is O, and L2

isO.

In a further embodiment, the methods comprise a compound of formula 40 and the

attendant definitions wherein R is H, Ri is perfluorophenyl, R2 is H, R3 is H, Li is O, L2 is

20 0,andnisO.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of fonnula 41

:

In a further embodiment, the methods comprise a compound offormula 40 and the

41

25 wherein, independently for each occurrence:
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R, Ri, and R3 are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxyhc acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R2 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

5 heteroaryl, or heteroaralkyl;

Li, L2, and L3 are O, NR2, or S; and

m and n are integers from 0 to 8 inclusive.

In a further embodiment, the methods comprise a compound offormula 41 and the

attendant defmitions wherein n is 0.

10 In a further embodiment, the methods comprise a compound of formula 41 and the

attOTdant definitions wherein Ri is cyano.

In a further embodiment, the methods comprise a compound of foimula 41 and the

attendant definitions wherein R2 is ethyl.

In a further embodiment, the methods comprise a compound of formula 41 and the

1 5 attendant definitions whereinm is 0.

In a further embodiment, the methods comprise a compound of formula 41 and the

attendant definitions wherein Li is S.

In a further embodiment, the methods comprise a compound offormula 41 and the

attendant definitions wherein L2 is O.

20 In a further embodiment, the metiiods comprise a compound of fomiula 41 and the

attendant definitions wherein L3 is O.

In a further embodiment, the methods comprise a compound of formula 41 and the

attendant definitions wherein n is 0 and Ri is cyano.

In a further embodiment, the methods comprise a compound of formula 41 and the

25 attendant definitions wherein n is 0, Ri is cyano, and R2 is ethyl.

In a further, embodiment, the methods comprise a compound of formula 41 and the

attendant definitions wherein n is 0, Ri is cyano, R2 is ethyl, andm is 0.

In a further embodiment, the methods comprise a compound of formula 41 and the

.

attendant definitions wherein n is 0, Ri is cyano, R2 is ethyl, m is 0, and Li is S.
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In a further embodiment, the methods comprise a compound of formula 41 and the

attendant definitions wherein n is 0, Ri is cyano, R2 is ethyl,m is 0, Li is S, and L2 is O.

In a further embodiment, the methods comprise a compound of formula 41 and the

attendant definitions wherein n is 0, Ri is cyano, R2 is ethyl,m is 0, Li is S, L2 is O, and L3

5 isO.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 42:

42

10 wherein, independently for each occurrence:

R and R2 are H, hydroxy, amino, cyaao, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Ri and R3 are H or a substituted or unsubstituted aUcyl, aryl, aralkyl, heterocyclyl,

15 heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li, L2, L3, and L4 are O, NRi, or S;

m is an integer from 0 to 6 inclusive; and

n is an integer firom 0 to 8 inclusive.

In a further embodiment, the methods comprise a compound offomiula 42 and the

20 attendant definitions wherein n is 0.

In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions wherein Ri is methyl.

In a further embodiment, the methods comprise a compound offormula 42 and the

attendant definitions wherein R2 is CF3 andm is 1.
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In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions wherein R3 is 4-methylphenyl.

In a further embodiment, the methods comprise a compound offormula 42 and the

attendant definitions wherein Li is S.

5 In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions wherein L2 is 0.

In a further embodiment, the methods comprise a compound of foimula 42 and the

attendant definitions wherein L3 is NRi.

In a further embodiment, the methods comprise a compound of formula 42 and the

10 attendant definitions wherein L4 is NRi

.

In a further embodiment, the methods comprise a compound offoraiula 42 and the

attendant definitions wherein n is Q and Ri is methyl.

In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions wherein n is 0, Ri is methyl, R2 is CF3, andm is L

15 In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions whereui n is 0, Ri is methyl, R2 is CF3, m is 1 ; and R3 is 4-

methylphenyL
^

In a further embodiment, the methods comprise a compound offormula 42 and the

attendant definitions wherein n is 0, Ri is methyl, R2 is CF3, m is 1; R3 is 4-methylphenyl;

20 andLiisS.

In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions wherein n is 0, Ri is methyl, R2 is CF3, m is 1; R3 is 4-methylphenyl;

Li is S, and L2 is O.

In a further embodiment, the methods comprise a compoimd of formula 42 and the

25 attendant definitions wherein n is 0, Ri is methyl, R2 is CF3, m is 1 ; R3 is 4-methylphenyl;

Li is S, L2 is O; and L3 is NRi.

In a further embodiment, the methods comprise a compound of formula 42 and the

attendant definitions wherein n is 0, Ri is methyl, R2 is CF3,m is 1; R3 is 4-methylphenyl;

Li is S, L2 is O; L3 is NRi, and L4 is NRi.
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In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 43:

5 wherein, independently for each occurrrace:

R and Ri are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyUc

acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,
*

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R2 and R3 areH or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

10 heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

Li and L2 are O, NR2, or S.

In a further embodiment, the methods comprise a compound offormula 43 and the

attendant definitions whereinR is cyano.

In a further embodiment, the methods comprise a compound offormula 43 and the

1 5 attendant definitions wherein Ri is NH2.

In a further embodiment, the methods comprise a compound offormula 43 and the

attendant definitions wherein R2 is 4-bromophenyl.

In a further embodiment, the methods comprise a compoimd offormula 43 and the

attendant definitions wherein R3 is 3-hydroxy-4-methoxyphenyL

20 In a further embodiment, the methods comprise a compoimd of formula 43 and the

attendant definitions wherein Li is O.

In a further embodiment, the methods comprise a compound offormula 43 and the

attendant definitions wherein L2 is NR2.

In a further embodiment, the metiiods comprise a compound offormula 43 and the

25 attendant definitions whereinR is cyano and Ri is NH2.
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In a further embodiment, the methods comprise a compound of formula 43 and the

attendant definitions whereinR is cyano, Ri is NH2, and R2 is 4-bromophenyl.

In a further OTibodiment, the methods comprise a compound of formula 43 and the

attendant definitions whereinR is cyano, Ri is NH2, R2 is 4-bromophenyl, and R3 is 3-

5 hydroxy-4-methoxyphenyl.

• In a further embodiment, the methods comprise a compound of formula 43 and the

attendant definitions whereinR is cyano, Ri is NH2, R2 is 4-bromophenyl, R3 is 3-hydroxy-

4-methoxyphenyl, and Li is O.

In a further embodiment, the methods comprise a compound offormula 43 and the

10 attendant defmitions whereinR is cyano, Ri is NH2, R2 is 4-bromophenyl, R3 is 3-hydroxy-

4-methoxyphenyl, Li is 0, and L2 is NR2.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 44:

15 44

wherein, independently for each occurrence:

R is H or a substituted or unsubstittited alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Ri is hydroxy, amino, cyano, haUde, alkoxy, ether, ester, amido, ketone, carboxylic acid,

20 nitro, or a substituted or unsubstittited alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Li, L2, and L3 are O, NR, or S; and

n is an integer firom 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound of formula 44 and the

25 attendant definitions wherein R is 3-trifluoromethylphenyl.
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In a further embodiment, the methods comprise a compound of formula 44 and the

attendant definitions wherein Ri is C(0)0CH3.

In a further embodiment, the methods comprise a compound offonnula 44 and the

attendant definitions wherein Li is NR.

attendant definitions wherein L2 is S.

In a further embodiment, the methods comprise a compound offormula 44 and the

attendant definitions wherein L3 is NR.

In a further embodiment, the methods comprise a compound offormula 44 and the

1 0 attendant definitions wherein n is 2.

In a further embodiment, the methods comprise a compound of fonnula 44 and the

attendant definitions whereinR is 3-trifluoromethylphenyl and Ri is C(0)0CH3.

In a fiirther embodiment, the methods comprise a compound offormula 44 and the

attendant definitions wherein R is 3-trifluoromethylphenyl, Ri is C(0)OCH3, and Li is NR.

15 In a further embodiment, the methods comprise a compound of formula 44 and the

attendant definitions whereinR is 3-trifluoromethylphenyl, Ri is C(0)0CH3, Li is NR, and

LaisS.

In a further embodiment, the methods comprise a compound of formula 44 and the

attendant definitions whereinR is 3-trifluoromethylphenyl, Ri is C(0)0CH3, Li is NR, L2

20 is S, and L3 is NR.

In a further embodiment, the methods comprise a compound of fonnula 44 and the
^

attendant defmitions whereinR is 3-trifluoromethylphenyl, Ri is C(0)0CH3, Li is NR, L2

is S, L3 is NR, and n is 2.

5 In a further embodiment, the methods comprise a compound of formula 44 and the

In another embodiment, mefliods for activating a sirtuin protein comprise using an

25 activating compound offonnula 45:

o

o
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^ i

45

wherein, independently for each occurrence;

R is hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyUc acid,

nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

5 heteroaryl, pr heteroaralkyl;

Ri and R2 areH or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li and L2 are O, NRi, or S; and

a is an mteger from 0 to 4 inclusive.

10 In a further embodiment, the methods comprise a compound of formula 45 and the

attendant definitions wherein n is 0.

In a further embodiment, the methods comprise a compound of formula 45 and the

attendant definitions wherein Ri is 2-tetrahydrofuranyhnethyL

In a further raibodiment, the methods comprise a compound offormula 45 and the

1 5 attendant definitions wherein R2 is -CH2CH2C6H4SO2NH2.

In a further embodiment, the methods comprise a compound of formula 45 and the

attendant definitions wherein Li is S.

In a further embodiment, the methods comprise a compound offormula 45 and the

attendant definitions wherein L2 is NRi.

20 In a further embodiment, the methods comprise a compound offormula 45 and the

attendant definitions wherein n is 0 and Ri is 2-tetrahydrofuranyhnethyl.

In a further embodiment, the methods comprise a compound of formula 45 and the

attendant definitions wherein n is 0, Ri is 2-tetrahydrofuranylmethyl, and R2 is -

CH2CH2C6H4SO2NH2.

25 In a further embodiment, the methods comprise a compound offormula 45 and the

attendant definitions wherein n is 0, Ri is 2-tetrahydrofin:anyhnethyl, R2 is -

CH2CH2C6H4SO2NH2, and Li is S.
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In a further embodiment, the methods comprise a compound of formula 45 and the

attendant definitions wherein n is 0, Ri is 2-tetrahydrofuranyhnethyl, R2 is -

CH2CH2C6H4SO2NH2, Li is S, and L2 is NRi.

In another embodiment, methods for activating a sirtuin protein comprise using an

5 activating compound of formula 46:

(R3)p

46

wherein, independently for each occurrence:

R, Ri, R2, and R3 are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

10 carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, araUcyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li and L2 are O, NR4, or S;

R4 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

15 n is an integer from 0 to 4 inclusive;

m is an integer from 0 to 3 inclusive;

o is an integer from 0 to 4 mclusive; and

p is an integer from 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound offormula 46 and the

20 attendant definitions wherein n is 0,

In a further embodiment, the methods comprise a compound offormula 46 and the

attendant definitions whereinm is 1.
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In a further embodiment, the methods comprise a compound of formula 46 and the

attendant definitions wherein Ri is CI.

In a further embodiment, the methods comprise a compound offormula 46 and the

attendant definitions wherein o is 1.

5 In a further embodiment, the methods comprise a compound of formula 46 and the

attendant defibtutions wherein R2 is CI.

In a further embodiment, the methods comprise a compound of formula 46 and the

attendant definitions wherein p is 3.

In a further embodiment, the methods comprise a compound of formula 46 and the

10 attendant definitions wherehi R3 is OH or 1.

In a further embodiment, the methods comprise a compound of formula 46 and the

attendant definitions wherein n is 0 andm is 1

.

In a further embodiment, the methods comprise a compound of formula 46 and the

attendant definitions wherein n is 0, m is 1, and o is 1

.

15 In a further embodiment, the methods comprise a compound of formula 46 and the

attendant definitions wherein n is 0, m is 1, o is 1, and Ri is CI.

In a fiirther embodiment, the methods comprise a compound of formula 46 and the

attendant definitions wherein n is 0, m is 1, o is 1, Ri is CI, and p is 3.

In a fiarther embodiment, the methods comprise a compound of formula 46 and the

20 attendant definitions wherein n is 0, m is 1, o is 1, Ri is CI, p is 3, and R2 is OH or L

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 47:

47

25 wherein, independently for each occurrence:
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R and Ri are hydroxy, amino, cyano, haUde, alkoxy, ether, ester, amido, ketone, carboxyUc

acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li and L2 are O, NR4, or S;

5 R4 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl; and

m and n are integers from 0 to 4 inclusive.

In a further embodiment, the methods comprise a compound offormula 47 and the

attendant definitions wherein n is 2.

10 In a fiirther embodiment, the methods comprise a compound of formula 47 and the

attendant definitions whereinR is methyl or t-butyl.

In a further embodiment, the methods comprise a compound offormula 47 and the

attendant definitions whereinm is 2.

hi a further embodiment, the methods comprise a compound of formula 47 and the

1 5 attendant definitions wherein Ri is methyl or t-butyl.

In a further embodiment, the methods comprise a compound of formula 47 and the

attendant definitions wherein Li is O.

In a further embodiment, tiie methods comprise a compound of formula 47 and the

attendant definitions wherein L2 is O.

20 In a further embodiment, the methods comprise a compound of formula 47 and the

attendant defmitions wherein n is 2 andR is methyl or t-butyl.

In a further embodiment, the methods comprise a compound of fomiula 47 and the

attendant definitions wherein n is 2, R is methyl or t-butyl, andm is 2.

In a further embodiment, the methods comprise a compound of formula 47 and the

25 attendant definitions wherein n is 2, R is methyl or t-butyl, m is 2, and Ri is methyl or t-

butyl.

In a further embodiment, the methods comprise a compound offormula 47 and the

attendant definitions wherein n is 2, R is methyl or t-butyl,m is 2, Ri is methyl or t-butyl,

and Li is O.
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In a further embodiment, the methods comprise a compound offormula 47 and the

attendant definitions wherem n is 2, R is methyl or t-butyl, m is 2, Ri is methyl or t-butyl,

Li is 0, and L2 is O.

In another embodiment, methods for activating a sirtuin protein comprise using an

5 activating compound of formula 48:

R2

48

wherein, independently for each occurrence:

R, Ri, R2, R3, R4, R5, and R^ are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido,

10 ketone, carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R7 is H or a substituted or unsubstituted aUcyl, acyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li, L2, and L3 are O, NR7, or S and

15 n is an integer fi-om 0 to 4 inclusive.

In a further embodiment, the methods comprise a compound offormula 48 and the

attendant definitions wherein n is 1

.

In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions whereinR is methyl.

20 In a further embodiment, the methods comprise a compound of formula 48 and the

attendant defiboitions wherein Ri is C(0)0CH3.

In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein R2 is C(0)0CH3.

In a further embodiment, the methods comprise a compoxmd of formula 48 and the

25 attendant definitions wherein R3 is C(0)0CH3.
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In a further embodiment, the methods comprise a compound offormula 48 and the

attendant definitions wherein R4 is C(0)0CH3.

In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein R5 is methyl.

5 In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein is methyl.

In a further embodiment, llie methods comprise a compound of formula 48 and the

attendant definitions wherein R7 is C(0)CF3.

In a further embodiment, the methods comprise a compound offormula 48 and the

10 attendant definitions wherein Li is S.

' In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein L2 is S.

In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein L3 is S.

15 In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein n is 1 andR is methyl.

In a further embodiment, the methods comprise a compound offormula 48 and the

attendant definitions wherein n is 1, R is methyl, and Ri is C(0)0CH3.

In a further embodiment, the methods comprise a compound of formula 48 and the

20 attendant definitions wherein n is 1 , R is methyl, Ri is C(0)0CH3, and R2 is C(0)0CH3.

In a further embodiment, the methods comprise a compound of formula 48 and the

attendant defmitions whereinn is 1, R is methyl, Ri is C(0)OCH3, R2 is C(0)OCH3, and R3

is C(O)0CH3.

In a fiirther embodiment, the methods comprise a compound offormula 48 and the

25 attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

C(0)OCH3, andR4 is C(0)0CH3.

In a further embodiment, the methods comprise a compound of formula 48 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is CC0)0CH3, R3 is

C(0)0CH3, R4 is C(0)0CH3, and R5 is methyl.
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In a further embodiment, the methods comprise a compoimd of foraiula 48 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

C(0)OCH3, R4 is C(0)0CH3, R5 is methyl, and Re is methyl.

In a further embodiment, the methods comprise a compound of formula 48 and the

5 attendant definitions wherein n is 1 , R is methyl, Ri is C(0)OCH3, R2 is C(0)0CH3, R3 is.

C(0)0CH3, R4 is C(O)0CH3, R5 is methyl, Re is methyl, and R7 is C(0)CF3.

In a further embodiment, the methods comprise a compound of fonnula 48 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)OCH3, R3 is

C(0)0CH3, R4 is C(O)0CH3, R5 is methyl, Re is methyl, R? is C(0)CF3, and Li is S.

10 In a further embodiment, the methods comprise a compound of fonnula 48 and the

attendant definitions wherein n is 1 , R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

C(0)0CH3, R4 is C(0)0CH3, R5 is methyl, Rs is methyl, R7 is C(0)CF3, Li is S, andU is

S.

1 5 attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

C(0)OCH3, R4 is C(0)0CH3, R5 is methyl, Re is methyl, R7 is C(0)CF3, Li is S, L2 is S,

and L3 is S.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 49:

wherein, independently for each occurrence:

R, Ri, R2, R3, R4, and R5 are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido,

ketone, carboxyhc acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl,

25 heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li, L2, and L3 are O, NRa, or S;

Jn a further embodiment, the methods comprise a compound of formula 48 and the

20

49
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R6 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl; and

n is an integer from 0 to 4 inclusive.

In a further embodiment, the methods comprise a compound of formula 49 and the

attendant definitions wherein n is 1

.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions whereinR is methyl.

In a further embodiment, the methods comprise a compound of formula 49 and the

attendant definitions wherein Ri is C(0)0CH3.

In a further embodiment, the methods comprise a compound offonnula 49 and the

attendant definitions wherein R2 is C(0)0CH3.

In a further embodiment, the methods comprise a compound of fonnula 49 and the

attendant definitions wherein R3 is methyl.

In a further embodiment, the methods comprise a compound offonnula 49 and the

attendant definitions wherein R4 is methyl.

In a further embodiment, the methods comprise a compound offonnula 49 and the

attendant definitions wherein R5 is CH2CH(CH3)2.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein Li is S.

In a further embodiment, the methods comprise a compound of formula 49 and the

attendant definitions wherein L2 is S.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein L3 is S.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein n is 1 and R is methyl.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein n is 1, R is methyl, and Ri is G(0)0CH3.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, and R2 is C(0)0CH3.
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In a further embodiment, the methods comprise a compound of formula 49 and the

attendant dejanitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, and R3

is methyl.

In a further embodiment, the methods comprise a compound of formula 49 and the

5 attendant definitions wherein n is 1 , R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

methyl, and R4 is methyl.

In a further embodiment, the methods comprise a compoimd of formula 49 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)OCH3, R3 is

.

methyl, R4 is methyl, and R5 is CH2CH(CH3)2.

10 In a further embodiment, the methods comprise a compound of formula 49 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

methyl, R4 is methyl, R5 is CH2CH(CH3)2, and Li is S.

In a further embodiment, the methods comprise a compound of formula 49 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

15 methyl, R4 is methyl, R5 is CH2CH(CH3)2, and Li is S.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)OCH3, R3 is

methyl, R4 is methyl, R5 is CH2CH(CH3)2, Li is S, andU is S.

20 attendant definitions wherein n is 1, R is' methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

methyl, R4 is methyl, R5 is CH2CH(CH3)2, Li is S, and L2 is S.

In a further embodiment, the methods comprise a compound offormula 49 and the

attendant definitions wherein n is 1, R is methyl, Ri is C(0)0CH3, R2 is C(0)0CH3, R3 is

methyl, R4 is methyl, R5 is CH2CH(CH3)2, Li is S, U is S, and L3 is S.

25 In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 50:

In a further embodiment, the methods comprise a compoimd offormula 49 and the
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50

wherein, independently for each occurrence:

R and Ri are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyhc

acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R2 is H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyhc acid,

nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Li and L2 are O, NR3, or S;

R3 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

n is an integer from 0 to 5 inclusive; and

m is an integer from 0 to 4 inclusive.

In a ftirther embodiment, the methods comprise a compound offormula SO and the

attendant definitions wherein n is 1

.

In a further embodiment, the methods comprise a compound offormula 50 and the

attendant definitions wherem R is C02Et.

hi a ftirther embodiment, the methods comprise a compound of formula 50 and the

attendant definitions whereinm is 0.

Jn a fiirfher embodiment, the methods comprise a compound offormula 50 and the

attendant definitions wherein R2 is cyano,

Li a ftirther embodiment, the methods comprise a compound of formula 50 and the

attendant definitions wherein Li is S.

' In a ftirther embodiment, the methods comprise a compound offormula 50 and the

attendant definitions wherein L2 is S.

Txi a fijrther embodiment, the methods comprise a compound offormula 50 and the

attendant definitions >yherein n is 1 andR is C02Et.

In a ftirther embodiment, the methods comprise a compound offormula 50 and the

attendant definitions wherein n is 1, R is COaEt, andm is 0.
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In a further embodiment, the methods comprise a compound offormula 50 and the

attendant definitions wherein n is 1, R is C02Et,m is 0, and R2 is cyano.

In a further embodiment, the methods comprise a compoimd offormula 50 and the

attendant definitions wherein n is 1, R is C02Et, m is 0, R2 is cyano, and Li is S.

5 In a further embodiment, the methods comprise a compound of formula 50 and the

. attendant definitions wherein n is 1, R is C02Et, m is 0, R2 is cyano, Li is S, and L2 is S.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 51

:

wherein, independently for each occurrence:

R and Ri are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxylic

acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

15 n is an integer firom 0 to 4 inclusive; and

m is an integer firom 0 to 2 inclusive.

In a further embodiment, the mefliods comprise a compound offormula 51 and the

attendant definitions wherein n is 2.

20 attendant definitions wherein R is CI or trifluoromethyl.

In a further embodiment, the methods comprise a compound offormula 51 and the

attendant definitions whereinm is 2.

In a further embodiment, the methods comprise a compoxmd offormula 51 and the

attendant definitions wherein Ri is phenyl.

25 In a further embodiment, the methods comprise a compoxmd offormula 51 and the

attendant defiboitions wherein n is 2 andR is CI or trifluoromethyl.

In a further embodiment, the methods comprise a compound offormula 51 and the

* attendant definitions wherein n is 2, R is CI or trifluoromethyl, andm is 2.

10 51

In a further embodiment, the methods comprise a compound offormula 51 and the
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10

15

20

In a further embodiment, the methods comprise a compound of formula 51 and the

attendant definitions wherein n is 2, R is CI or trifluoromethyl, m is 2, and Ri is phenyl.

In a further embodiment, the methods comprise a compoxmd of formula 51 and the

attendant definitions wherein n is 1.

In a further embodiment, the methods comprise a compoimd of formula 51 and the

attendant definitions whereinR is F.

In a further embodiment, the methods comprise a compound offormula 51 and the

attendant definitions wherein Rj is 4-methylphenyl.

In a further embodiment, the methods comprise a compound offormula 51 and the

attendant definitions wherem n is 1 and R is F.

In a further embodiment, the methods comprise a compound of formula 51 and the

attendant definitions wherein n is 1, R is F, andm is 2.

In a further embodiment, the methods comprise a compound of formula 51 and the

attendant definitions wherein n is 1, R is F, m is 2, and Ri is 4-methylphenyl.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compoimd of formula 52

:

wherein, independently for each occurrence:

R is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Ri and are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxylic

acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R2 is alkylene, alkenylene, or alkynylene;
^
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R3, R4, and R5 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li, L2, and L3 are O, NR, or S;

5 n and p are integers from 0 to 3 inclusive; and

m and o are integers from 0 to 2 inclusive.

In a further embodiment, the methods comprise a compound of formula 52 and the

attendant definitions whereinR is CH2CH2OH.

In a further embodiment, the methods comprise a compound of formula 52 and the

10 attendant definitions wherein n is 1

.

In a further embodiment, the methods comprise a compoxmd of formula 52 and the

attendant definitions wherein Ri is L

In a further embodiment, the methods comprise a compound of formula 52 and the

attendant definitions wherein R2 is alkynylene.

15 In a further embodiment, the methods comprise a compound of formula 52 and the

attendant definitions whereinm is 1.

In a further embodiment, the methods comprise a compound of fonnula 52 and the

attendant definitions wherein R3 is OH,

In a further embodiment, the methods comprise a compound offonnula 52 and the

20 attendant definitions wherein R4 is C(0)OEt.

In a further embodiment, the methods comprise a compound offonnula 52 and the

attendant definitions wherein o is 1

.

In a further embodiment, the methods comprise a compound offonnula 52 and the

attendant definitions wherein R5 is OH.

25 In a further embodiment, the methods comprise a compound offonnula 52 and the

attendant definitions wherein p is 0.

In a further embodiment, the methods comprise a compound of fonnula 52 and the

attendant definitions wherein Li is NH.
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In a further embodiment, the methods comprise a compound offomiula 52 and the

attendant dejfinitions wherein la is O.

In a further embodiment, the methods comprise a compound of fomiula 52 and the

attendant definitions wherein L3 is O.

5 In a further embodiment, the methods comprise a compound offormula 52 and the

attendant definitions whereinR is CH2CH2OH and n is L

In a further embodiment, the methods comprise a compound offormula 52 and the

attendant definitions wherein R is CH2CH2OH, n is 1, and Ri is L

In a further embodiment, the methods comprise a compound of fomiula 52 and the

10 attendant definitions wherein R is CH2CH2OH, n is 1, Ri is I, and R2 is alkynylene.

In a further embodiment, the methods comprise a compound offormula 52 and the

attendant definitions whereinR is CH2CH2OH, n is 1 , Ri is I, R2 is alkynylene, andm is 1

.

In a further embodiment, the methods comprise a compound offormula 52 and the

attendant definitions whereinR is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene, m is 1, and

15 R3 is OH.

In a further embodiment, the methods comprise a compound of fomiula 52 and the

attendant definitions whereinR is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene,m is 1, R3 is

OH, and R4 is C(0)OEt.

In a further embodiment, the methods comprise a compound of fomiula 52 and the

20 attendant definitions whereinR is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene,m is 1, R3 is

OH, R4 is C(0)OEt, and o is 1.

In a fiirther embodiment, the methods comprise a compound of fomaula 52 and the

attendant definitions whereinR is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene,m is 1, R3 is

OH, R4 is C(0)OEt, o is 1, and R5 is OH.

25 In a further embodiment, the methods comprise a compound offomiula 52 and the

attendant definitions whereinR is aH2CH20H, n is 1, Ri is I, R2 is alkynylene, m is 1, R3 is

OH, R4 is C(0)0Et, 0 is 1, R5 is OH, andp is 0.

In a fiirther embodiment, the methods comprise a compound of fomiula 52 and the

attendant definitions wherein R is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene,m is 1, R3 is

30 OH, R4 is C(0)OEt, o is 1, R5 is OH, p is 0, and Li is NH.
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In a further embodiment, the methods comprise a compound of formula 52 and the

attendant definitions whereinR is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene, m is 1, R3 is

OH, R4 is C(0)OEt, 0 is 1, R5 is OH, p is 0, Li is NH, andU is O.

In a further embodiment, the methods comprise a compound of formula 52 and the

5 attendant definitions whereinR is CH2CH2OH, n is 1, Ri is I, R2 is alkynylene, m is 1, R3 is

OH, R4 is C(0)OEt, 0 is 1, R5 is OH, p is 0, Li is NH, L2 is O, and L3 is O.

In anoliier embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 53:

R2v<^0

10 53

wherein, independently for each occurrence: ^

R, Ri, R2, R3, R4, and R5 are H, hydroxy, amino, cyano, halide, alkoxy, etha:, ester, amido,

ketone, carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;

15 Li, L2, L3, and L4 are O, NR6? or S;

R^ is and H, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

n is an integer firom 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound of formula 53 and the

20
, attendant definitions whereinR is O-t-butyl.

In a further embodiment, the methods comprise a compound of formula 53 and the

attendant definitions wherein Ri is t-butyL

In a further embodiment, the methods comprise a compound offormula 53 and the

attendant definitions wherein R2 is 0-t-butyL
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In a further embodiment, the methods comprise a compound of formula 53 and the

attendant definitions wherein R3 is t-butyl.

In a further embodiment, the methods comprise a compound offormula 53 and the

attendant definitions wherein R4 is C(0)OMe.

5 In a further embodiment, the methods comprise a compound of formula 53 and.the

attendant definitions wherein R5 is C(0)OMe.

In a further embodhnent, the methods comprise a compound of formula 53 and the

attendant definitions wherein Li is NH.

In a further embodiment, the methods comprise a compound of formula 53 and the

10 attendant definitions wherein La is O.

In a fiorther embodiment, the methods comprise a compound offormula 53 and the

attendant definitions wherein L3 is O.

In a further embodiment, Ihe methods comprise a compound of formula 53 and the

attendant definitions wherein L4 is NH.

15 In a further embodiment, the methods comprise a compoimd of formula 53 and the

attendant definitions wherein n is 1.

In a further embodiment, the methods comprise a compound offormula 53 and the

attendant definitions whereinR is 0-t-butyl and Ri is t-butyl.

In a further embodiment, the methods comprise a compound offormula 53 and the

20 attendant definitions whereinR is O-t-butyl, Ri is t-butyl, and R2 is O-t-butyl.

In a further embodiment, the methods comprise a compound of formula 53 and the

attendant definitions whereinR is Ot-butyl, Ri is t-butyl, R2 is 0-t-butyl, and R3 is t-butyl

In a further embodiment, the methods comprise a compound offormula 53 and the

attendant definitions whereinR is 0-t-butyl, R| is t-butyl, R2 is 0-t-butyl, R3 is t-butyl, and

25 R4isC(0)OMe.

In a further embodiment, the metiiods comprise a compound of formula 53 and the

attendant definitions whereinR is O-t-butyl, Ri is t-butyl, R2 is O-t-butyl, R3 is t-butyl, R4

is C(0)OMe, and R5 is C(0)OMe.
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In a further embodiment, the methods comprise a compound of formula 53 and the

attendant definitions wherein R is 0-t-butyl, Ri is t-butyl, R2 is 0-t-butyl, R3 is t-butyl, R4

is C(0)OMe, R5 is C(0)OMe, and Li is NH.

In a further embodiment, the methods comprise a compound offormula 53 and the

5 attendant definitions wherein R is 0-t-butyl, Ri is t-butyl, R2 is 0-t-butyl, R3 is t-butyl, R4

is C(0)OMe, R5 is C(0)OMe, Li is NH, and L2 is O.

In a further embodiment, the methods comprise a compound of formula 53 and the

attendant definitions whereinR is 04-butyl, Ri is t-butyl, R2 is O-t-butyl, R3 is t-butyl, R4

is C(0)OMe, R5 is C(O)0Me, Li is NH,U is O, and L3 is O.

10 In a further raibodiment, the methods comprise a compound of formula 53 and the

attendant definitions whereinR is O-t-butyl, Ri is t-butyl, R2 is O-t-butyl, R3 is t-butyl, R4

is C(0)OMe, R5 is C(0)OMe, Li is NH, L2 is O, L3 is O, andU is NH.

In a further embodiment, the methods comprise a compound of formula 53 and the

attendant definitions wherein R is O-t-butyl, Ri is t-butyl, R2 is O-t-butyl, R3 is t-butyl, R4

1 5 is C(0)OMe, R5 is C(0)OMe, Li is NH, L2 is O, L3 is O, L4 is NH, and n is 1

.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 54:

20 wherein, independently for each occurrence:

R and R] are H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R2, R4, and R5 are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

25 heterocyclylalkyl, heteroaryl, or heteroaralkyl;

54
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R3, R6, and R7 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitre, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

LisO,NR,orS;

5 n and o are integers jfrom 0 to 4 inclusive; and

m is an integer from 0 to 3 inclusive.

In a further embodiment, the methods comprise a compound of formula 54 and the

attendant definitions whereinR is ethyl.

In a further embodiment, the methods comprise a compound offormula 54 and the

10 attendant definitions wherein Ri is ethyl.

In a further embodiment, the methods comprise a compound of formula 54 and the

attendant definitions whereinm is 0.

In a further embodiment, the methods comprise a compound of formula 54 and the

attendant definitions wherein R3 is H.

15 In a further embodiment, the methods comprise a compoxmd of formula 54 and the

attendant definitions wherein o is 0.

In a further embodiment, the methods comprise a compound of formula 54 and the

attendant definitions wherein R5 is CI.

In a further embodiment, the methods comprise a compound of formula 54 and the

20 attendant definitions wherein R^ is H.

In a further embodiment, the methods comprise a compound offormula 54 and the

attendant definitions wherein R7 is methyl.

In a further embodiment, the methods comprise a compound of formula 54 and the

attendant defmitions wherein L is NH.

25 In a further embodiment, the methods comprise a compound offormula 54 and the

attendant definitions wherein n is 1

.

In a fiirther embodiment, the methods comprise a compound offormula 54 and the

attendant definitions whereinR is ethyl and Ri is ethyl.
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In a further embodiment, the methods comprise a compound of formula 54 and the

attendant deJBnitions wherein R is ethyl, Ri is ethyl, andm is 0.

In a further embodiment, the methods comprise a compound of foraiula 54 and the

attendant definitions wherein R is ethyl, Ri is ethyl, m is 0, and R3 is H.

5 In a further embodiment, the methods comprise a compound of formula 54 and the

attendant dejSnitions wherein R is ethyl, Ri is ethyl,m is 0, R3 is H, and 0 is 0.

In a further embodiment, the methods comprise a compound of formula 54 and the

attendant definitions whereinR is ethyl, Ri is ethyl,m is 0, R3 is H, o is 0, and R5 is CI.

In a further embodiment, the methods comprise a compound of formula 54 and the

10 attendant definitions whereinR is ethyl, Ri is ethyl,m is 0, R3 is H, o is 0, R5 is CI, and R6

isH.

In a further embodiment, the methods comprise a compound offormula 54 and the

attendant definitions wherein R is ethyl, Ri is ethyl,m is 0, R3 is H, o is 0, R5 is CI, Re is H,

and R7 is methyl.

15 In a further embodiment, the methods comprise a compound of formula 54 and the

attendant definitions whereinR is ethyl, Ri is ethyl, m is 0, R3 is H, 0 is 0, R5 is CI, Re is H,

R7 is methyl, and L is NH.

In a further embodiment, the methods comprise a compound of foraiula 54 and the

attendant definitions whereinR is ethyl, Ri is ethyl, m is 0, R3 is H, o is 0, R5 is CI, Re is H,

20 R7 is methyl, L is NH, and n is 1.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 55:

55
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wherein, independently for each occurrence:

R, Ri, R4, and R5 are H or a substituted or unsubstituted alkyl, aryl, araUcyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

R2 and R3 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

5 carboxyUc acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

Li, L2, L3, and L4 are O, NR, or S.

In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions whereinR is H.

10 hi a further embodiment, the methods comprise a compound of formula 55 and the

attendant deJBnitions wherein Ri is H.

In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions wherein R2 is OEt.

In a further embodiment, the methods comprise a compound of formula 55 and the

1 5 attendant definitions wherein R3 is methyl

In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions wherein R4 is H.

In a further embodiment, the methods comprise a compound offormula 55 and the

attendant definitions wherein R5 is^ H.

20 In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions wherein Li is S.

In a further embodiment, the methods comprise a compound df formula 55 and the

attendant definitions wherein L2 is NH.

In a further embodiment, the methods comprise a compound of formula 55 and the

25 attendant definitions wherein L3 is NH.

In a further embodiment, the methods comprise a compotmd offormula 55 and the

attendant definitions wherein L4 is S

.

In a fiirther embodiment, the methods comprise a compound of formula 55 and the

attendant definitions wherein R is H and Ri is H.
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In a further embodiment, the methods comprise a compound offormula 55 and the

attendant definitions whereinR is H, Ri is H, and R2 is OEt.

In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions wherein R is H, Ri is H, R2 is OEt, and R3 is methyl.

5 In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions whereinR is H, Ri is H, R2 is OEt, R3 is methyl, and R4 is H.

In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions wherein R is H, Ri is H, R2 is OEt, R3 is methyl, R4 is H, and R5 is H.

In a fiirther embodiment, the methods comprise a compound of formula 55 and the

10 attendant definitions whereinR is H, Ri is H, R2 is OEt, R3 is methyl, R4 is H, R5 is H, and

Li is S.

La a further embodiment, the methods comprise a compoimd offormula 55 and the

attendant definitions whereinR is H, Ri is H, R2 is OEt, R3 is methyl, R4 is H, R5 is H, Li is

S, and L2 is NH.

15 In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions whereinR is H, Ri is H, R2 is OEt, R3 is methyl, R4 is H, R5 is H, Li is

S, L2 isNH, andL3 isNH.

In a further embodiment, the methods comprise a compound of formula 55 and the

attendant definitions whereinR is H, Ri is H, R2 is OEt, R3 is methyl, R4 is H, R5 is H, Li is

20 S, L2 is NEI, L3 isNH, and L4 is S.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 56:

L3

56

25 wherein, independently for each occiurence:

R and Ri, are hydroxy, anodno, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxylic

acid, nitro, or a substituted or misubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;
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Li, L2, and L3 are O, NR2, or S;

R2 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

n is an integer from 0 to 4 inclusive; and

5 m is an integer from 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound offormula 56 and the

attendant definitions wherein n is 0.

In a further embodiment, the methods comprise a compound of formula 56 and the

attendant definitions whereinm is 0.

10 In a further embodiment, the methods comprise a compoimd of formula 56 and the

attendant definitions wherein Li is NH.

In a further embodiment, the methods comprise a compound offormula 56 and the

attendant definitions wherein L2 is S.

In a further embodiment, the methods comprise a compound of formula 56 and the

1 5 attendant definitions wherein L3 is S.

In a further embodiment, the methods comprise a compound offormula 56 and the

attendant definitions whereinm is 0 and n is 0.

In a further embodiment, the methods comprise a compound of formula 56 and the

attendant definitions whereinm is 0, n is 0, and Li is NH.

20 In a further embodiment, the methods comprise a compound offormula 56 and the

attendant definitions whereinm is 0, n is 0, Li is NH, and Lj is S.

In a further embodiment, the methods comprise a compound offormula 56 and the

attendant definitions whereinm is 0, n is 0, Li is NH, L2 is S, and L3 is S.

In another embodiment, methods for activating a sirtuin protein comprise using an

25 activating compound offormula 57:
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wherein, independently for each occurrence:

R, Ri, R2, and R3 are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

5 A is alkylene, alkenylene, or alkynylene;

n is an integer from 0 to 8 inclusive;

m is an integer from 0 to 3 inclusive;

o is an integer from 0 to 6 inclusive; and

p is an integer from 0 to 4 inclusive,

10 In a further embodiment, the methods comprise a compound of fomiula 57 and the

attendant definitions wherein n is 2.

hi a ftirther embodiment, the methods comprise a compound of fi)rmula 57 and the

attendant defiboitions whereinR is OH or methyl.

In a further embodiment, the methods comprise a compound of formula 57 and the

1 5 attendant definitions wherein m is 1

.

In a fiirther embodiment, the methods comprise a compound of formula 57 and the

attendant definitions wherein Ri is methyl.

In a fiarther embodiment, the methods comprise a compound offormula 57 and the

attendant definitions wherein o is 1.

20 In a further embodiment, the methods comprise a compoimd of formula 57 and the

attendant definitions wherein R2 is C(0)CH3.

hi a further embodiment, the methods comprise a compound of formula 57 and the

attendant definitions wherein p is 2.

In a further embodiment, the methods comprise a compound offormula 57 and the

25 attendant definitions wherein R3 is CO2H.

In a further embodiment, the methods comprise a compoimd of formula 57 and the

attendant definitions whereinA is alkenylene.

In a further embodiment, the methods comprise a compound offormula 57 and the

attendant defmitions wherein n is 2 andR is OH or methyl.
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in a further embodiment, the methods comprise a compound of formula 57 and the

attendant definitions wherein n is 2, R is OH or methyl, andm is 1

.

In a fiirtlier embodiment, the methods comprise a compound offonnula 57 and the

attendant definitions wherein n is 2, R is OH or me%l, m is 1, and Ri is methyl.

In a further embodiment, the methods comprise a compound of fomiula 57 and the

attendant definitions wherein n is 2, R is OH or methyl, m is 1, Ri is methyl, and o is 1.

In a fiirther embodiment, the methods comprise a compound offormula 57 and the

attendant definitions wherein n is 2, R is OH or methyl, m is 1, Ri is methyl, o is 1, and R2

is C(0)CH3.

In a fiirther embodiment, the methods comprise a compound of formula 57 and the

attendant definitions wherein n is 2, R is OH or methyl, m is 1, Ri is methyl, o is 1, R2 is

C(0)CH3,andpis2.

Dn a fiirther embodiment, the methods comprise a compound offonnula 57 and the

attendant definitions wherein n is 2, R is OH or methyl, m is 1, Ri is methyl, o is 1, R2 is

C(0)CH3, p is 2, and R3 is CO2H.

In a fijrther embodiment, the methods comprise a compound offonnula 57 and the

attendant definitions wherein n is 2, R is OH or methyl, m is I, Ri is methyl, o is 1, R2 is

C(0)CH3, P is 2, R3 is CO2H, andA is alkenylene.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of fonnula 58:

O

58

wherein, independently for each occurrence:
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R, Ri, R2, R3, R4, R55 Rfi, R7, Rg, and R9 are hydroxy, amino, cyano, halide, alkoxy, ether,

ester, amido, ketone, carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl,

aralkyl, heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li, L2, and L3 are O, NRio, or S; and

5 Rio is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl.

In a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein R is OH.

In a further embodiment, the methods comprise a compound of formula 58 and the

10 attendant definitions wherein Ri is CH2OH.

In a further embodiment, tiie methods comprise a compound of formula 58 and the

attendant definitions wherein R2 is OH.

hi a further embodiment, the methods comprise a compound of formula 58 and the

attendant definitions wherein R3 is methyl.

15 In a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein R4 is OH.

Iq a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein R5 is OH.

In a further embodiment, the methods comprise a compoxmd of formula 58 and the

20 attendant definitions wherein Re is OH.

In a further embodiment, the methods comprise a compound of formula 58 and the

attendant definitions wherein R7 is OH.

In a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein Rg is OH.

25 In a further embodiment, the methods comprise a compoimd offormula 58 and the

attendant definitions wherein R9 is methyl.

In a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein Li is O.
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In a further embodiment, the methods comprise a compound offormida 58 and the

attendant definitions wherein Lz is O.

In a further embodiment, the methods comprise a compound of fonnula 58 and the

attendant definitions wherein L3 is O.

5 In a further embodiment, the methods comprise a compound of formula 58 and the

attendant definitions wherein R is OH and Ri is CH2OH.

In a further embodhnent, the methods comprise a compound offormula 58 and the

attendant definitions wherein R is OH, Ri is CH2OH, and R2 is OH.

In a further embodiment, the methods comprise a compound of formula 58 and the

10 attendant definitions wherem R is OH, Ri is CH2OH, R2 is OH, and R3 is methyl.

In a further embodiment, the methods comprise a compound offormula 58 and the

attendant defmitions whereinR is OH, Ri is CH2OH, R2 is OH, R3 is methyl, and R4 is OH.

In a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein R is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, and

15 . RsisOH.

In a further embodiment, the methods comprise a compound of fonnula 58 and the

attendant definitions wherein R is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

is OH, and R6 is OH.

In a further embodiment, the methods comprise a compound offormula 58 and the

20 attendant definitions whereinR is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

is OH, Re is OH, and R7 is OH.

In a further embodiment, the methods comprise a compound of formula 58 and the

attendant defmitions whereinR is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

is OH, Re is OH, R7 is OH, and Rg is OH.

25 Ma further embodiment, the metihods comprise a compound offormula 58 and the

attendant definitions whereinR is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

is OH, Re is OH, R7 is OH, Rs is OH, and R9 is methyl.

In a further embodiment, the methods comprise a compound offormula 58 and the

attendant definitions wherein R is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

30 is OH, Re is OH, R7 is OH, Rg is OH, R9 is methyl, and Li is O.
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In a further embodiment, the methods comprise a compound offonnula 58 and the

attendant definitions whereinR is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

is OH, R6 is OH, R7 is OH, Rs is OH, R9 is methyl, Li is O, and L2 is O.

In a further embodiment, the methods comprise a compound of formula 58 and the

5 attendant definitions wherein R is OH, Ri is CH2OH, R2 is OH, R3 is methyl, R4 is OH, R5

is OH, Re is OH, R? is OH, Rg is OH, R9 is methyl, Li is, O, L2 is O, and L3 is O.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 59:

wherein, independently for each occurrence:

R, Ri, R2, and R3 are H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; .

L is O, NR, S, or Se; and

15 n and m are integers from 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound offonnula 59 and the

attendant definitions whereinR is H.

In a further embodiment, the methods comprise a compoimd offormula 59 and the

attendant definitions wherein Ri is H.

20 In a further embodiment, the methods comprise a compoimd of fonnula 59 and the

attendant definitions wherein R2 is H.

La a further embodiment, the methods comprise a compound offormula 59 and the

attendant definitions wherein R3 is H.

In a further embodiment, the methods comprise a compound of fonnula 59 and the

25 attendant definitions wherein L is Se.

In a further embodiment, the methods comprise a compound offormula 59 and the

attendant definitions wherein n is 1

.

10 59
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In a further embodiment, the methods comprise a compound of formula 59 and the

attendant definitions whereinm is 1

.

In a further embodiment, the methods comprise a compound offonnula 59 and the

attendant defmitions wherein R is H and Ri is H,

5 In a further embodiment, the methods comprise a compound of formula 59 and the

attendant definitions whereinR is H, Ri is H, and R2 is H.

In a further embodiment, the methods comprise a compound offormula 59 and the

attendant definitions whereinR is H, Ri is H, R2 is H, and R3 is H.

In a further embodiment, the methods comprise a compound of formula 59 and the

10 attendant definitions wherein R is H, Ri is H, R2 is H, R3 is H, and L is Se.

In a further embodiment, the methods comprise a compound offormula 59 and the

attendant definitions wherein R is H, Ri is H, R2 is H, R3 is H, L is Se, and n is 1

.

In a further embodiment, the methods comprise a compoimd offormula 59 and the

attendant definitions whereinR is H, Ri is H, R2 is H, R3 is H, L is Se, n is 1, andm is 1

.

15 In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 60:

60

wherein, independently for each occurrence:

20 R is hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone, carboxyUc acid,

nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

Ri and R2 are H, hydroxy, amino, cyano, haUde, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted aUcyl, aryl, aralkyl, heterocyclyl,

25 heterocyclylalkyl, heteroaryl, or heteroaralkyl;

LisO,NR3, S,orS02;
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R3 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl;

n is an integer from 0 to 4 inclusive; and

m is an integer from 1 to 5 inclusive.

5 In a further embodiment, the methods comprise a compound of formula 60 and the

attendant definitions wherein n is h

In a further embodiment, the methods comprise a compoimd of formula 60 and the

attendant definitions wherein R is CI.

In a furttier embodiment, the methods comprise a compound offormula 60 and the

10 attendant definitions wherein Ri is NH2.

In a further embodiment, the methods comprise a compound offormula 60 and the

attendant definitions wherein R2 is CO2H.

In a further embodiment, the methods comprise a compound of fomiula 60 and the

attendant definitions wherein L is SO2.

15 In a further embodiment, the methods comprise a compound offormula 60 and the

attendant definitions whereinm is 1

.

In a further embodiment, the methods comprise a compound of fomiula 60 and the

attendant definitions wherein n is 1 andR is CL

In a further embodiment, the methods comprise a compound of formula 60 and the

20 attendant definitions wherein n is 1 , R is CI, and Ri is NH2.

In a further embodiment, the methods comprise a compoimd of formula 60 and the

. attendant definitions wherein n is 1, R is CI, Ri is NH2, and R2 is CO2H.

In a further embodiment, the methods comprise a compound of formula 60 and the

attendant definitions wherem n is 1, R is CI, Ri is NH2, R2 is CO2H, and L is SO2.

25 Iti a further embodiment, the methods comprise a compound offormula 60 and the

attendant definitions wherein n is 1, R is CI, Ri is NH2, R2 is Cd2H, L is SO2, andm is 1,

la another embodiment, methods for activating a sirtuin protein comprise using an

activating compound offormula 61

:
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61

wherein, independently for each occurrence:

R, Ri, R2, and R3 are H, hydroxy, amino, cyano, haHde, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyi, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl;

n and m are integers from 0 to 5 inclusive.

In a further embodiment, the methods comprise a compound of fonnula 61 and the

attendant definitions wherein n is 2.

In a further embodiment, the methods comprise a compound offormula 61 and the

attendant definitions wherein R is 3-hydroxy and 5-hydroxy.

In a further embodiment, the methods comprise a compound of fonnula 61 and the

attendant definitions wherein Ri is H.

In a further embodiment, the methods comprise a compound offormula 61 and the

attendant definitions wherein R2 is H.

In a further embodiment, the methods comprise a compound offormula 61 and the

attendant definitions whereinm is 0.

In a further embodiment, the methods comprise a compound offormula 61 and the

attendant definitions whereinm is 1.

In a fiirfher embodiment, the methods comprise a compound offormula 61 and the

attendant definitions wherein R3 is 4-hydroxy.

hi a fiirfher embodiment, the methods comprise a compound offormula 61 and the

attendant definitions wherein R3 is 4-methoxy.

In a further embodiment, the methods comprise a compound offormula 61 and the

attendant definitions wherein n is 2 andR is 3-hydroxy and 5-hydroxy.

In a further embodiment, the methods comprise a compound offormula 61 and the

attendant definitions wherein n is 2,R is 3-hydroxy and 5-hydroxy, and Ri is H.
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In a further embodiment, the methods comprise a compoimd of fonnula*61 and the

attendant definitions wherein n is 2, R is 3-hydroxy and 5-hydroxy, Ri is H, and R2 is H.

In a further embodiment, the methods comprise a compoimd offomiula 61 and the

attendant definitions wherein n is 2, R is 3-hydroxy and 5-hydroxy, Ri is H, R2 is H, andm
5 is 0.

In a further embodiment, the methods comprise a compoimd of formula 61 and the

attendant definitions wherein n is 2, R is 3-hydroxy and 5-hydroxy, Ri is H, R2 is H, andm
isl.

In a further embodiment, the methods comprise a compound offormula 61 and the

10 attendant definitions wherein n is 2, R is 3-hydroxy and 5-hydroxy, Ri is H, R2 is H,m is 1,

and R3 is 4-hydroxy.

In a further embodiment, the methods comprise a compound of formula 61 and the

attendant definitions wherein n is 2, R is 3-hydroxy and 5-hydroxy, Ri is H, R2 is H, m is 1,

and R3 is 4-methoxy.

15 In another embodiment, methods for activating a sirtuin protein comprise using an

activating compound of formula 62:

62

wherein, independently for each occurrence:

20 R, Ri, R2, R3, R49 R5, and are H, hydroxy, amino, cyano, halide, aUcoxy, ether, ester,

amido, ketone, carboxyhc acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, orheteroaralkyl;

L is O, NR7, or S; and

R7 is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

25 heteroaryl, or heteroaralkyl.
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In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions wherein R is OH.

In a further embodiment, the methods comprise a compound of formula 62 and the

attendant definitions wherein Ri is OH.

5 In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions wherein R2 is CH2OH.

In a further embodiment, the methods comprise a compound offomiula 62 and the

attendant definitions wherein R3 is OH.

In a further embodiment, the methods comprise a compound of fomaula 62 and the

10 attendant definitions wherein R4 is OH.

In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions wherein R5 is OH.

In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions wherein R^ is CH2OH.

15 In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions wherein L is O. 1

In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions whereinR is OH and Ri is OH.

In a further embodiment, the methods comprise a compound offormula 62 and the

20 attendant definitions wherein R is OH, Ri is OH, and R2 is CH2OH.

In a further embodiment, the methods comprise a compound offoimula 62 and the

attendant definitions wherein R is OH, Ri is OH, R2 is CH2OH, and R3 is OH.

In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions wherein R is OH, Ri is OH, R2 is CH2OH, R3 is OH, and R4 is OH.

25 In a further embodiment, the methods comprise a compound of formula 62 and the

attendant definitions wherein R is OH, Ri is OH, R2 is CH2OH, R3 is OH, R4 is OH, and R5

is OH.

In a further embodiment, the methods comprise a compound offormula 62 and the

attendant definitions whereinR is OH, Ri is OH, R2 is CH2OH, R3 is OH, R4 is OH, R5 is

30 OH,andR6isCH20H.
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In a further embodiment, the methods comprise a compound of formula 62 and the

attendant definitions wherein R is OH, Ri is OH, R2 is CH2OH, R3 is OH, R4 is OH, R5 is

OH, R6 is CH2OH, and L is 0.

M another embodiment, methods for activating a sirtuin protein comprise using an

5 activating compoimd of formula 63

:

R

R2

63

wherein, independently for each occurrence:

R, Ri, and R2 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

10 carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl.

In a further embodiment, the methods comprise a compound offomiula 63 and the

attendant definitions wherein R is CO2H.

In a further embodiment, the methods comprise a compound of formula 63 and the

15 attendant definitions wherein Ri is ethyl.

hi a further embodiment, the methods comprise a compound of foraiula 63 and the

attendant defijoitions wherein R2 is N-l-pyrroUdine.

In a further embodiment, the methods comprise a compound offormula 63 and the

attendant definitions whereinR is CO2H and Ri is ethyl.

20 In a further embodiment, the methods comprise a compound of foraiula 63 and the

attendant definitions wherein R is CO2H and R2 is N-l-pyrrolidine.

In a further embodiment, the methods comprise a compound offormula 63 and the

attendant definitions wherein Ri is etiiyl and R2 is N-l-pyrrolidine.

In a furfher embodiment, the methods comprise a compoimd of formula 63 and the

25 attendant definitions wherein R is CO2H, Ri is ethyl, and R2 is N- 1-pyrroUdine.
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In another embodiment, methods for activatmg a sirtuin protein comprise using an

activating compound offormula 64:

L3

64

5 wherein, independently for each occurrence:

, R2, R3, R4, Rsj R6» and R7 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester,

amido, ketone, carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl;

Li, L2, and L3 are CH2, O, NRs, or S; and

10 Rg is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

heteroaryl, or heteroaralkyl.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions whereinR is CI.

In a further embodiment, the methods comprise a compound offormula 64 and the

15 attendant definitions whereinR is H.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions wherein Ri is OH.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein R2 is N(Me)2.

20 In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein R3 is OH.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions wherein R4 is C(0)NH2.

In a further embodiment, the methods comprise a compound of formula 64 and the

25 attendant definitions wherein R5 is OH.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions wherein R^ is OH.
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In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions wherein Ry is OH.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein Li is CH2.

5 In a further embodiment, the methods comprise a compound of formula 64 and the

attendant deJBnitions wherein L2 is O.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions wherein L3 is O.

In a further embodiment, the methods comprise a compound of formula 64 and the

10 attendant definitions wherein R is CI and Ri is OH,
»

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions whereinR is CI, Ri is OH, and R2 is N(Me)2.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein R is CI, Ri is OH, R2 is N(Me)2, and R3 is OH.

15 In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions whereinR is CI, Ri is OH, R2 is N(Me)2, R3 is OH, and R4 is

C(0)NH2.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions whereinR is CI, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2,

20 and R5 is OH.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions whereinR is CI, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, and R6 is OH.

In a further embodiment, the methods comprise a compound of formula 64 and the

25 attendant definitions whereinR is CI, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, Re is OH, and R7 is OH.

In a further embodiment, the methods comprise a compound of fomiula 64 and the

attendant definitions wherein R is CI, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, R^ is OH, R7 is OH, and Li is CH2.
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In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions whereinR is CI, Rj is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, R6 is OH, R? is OH, Li is CH2, and L2 is O.

In a further embodiment, the methods comprise a compound of formula 64 and the

5 attendant definitions whereinR is CI, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, Re is OH, R7 is OH, Li is CH2, L2 is O, and L3 is O.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions whereinR isH and Ri is OH.

In a further embodiment, the methods comprise a compound of formula 64 and the

10 attendant definitions whereinR is H, Ri is OH, and R2 is Nj[Me)2.

In a further embodiment, the methods comprise a compound of formula 64 and the

atten^iant definitions wherein R is H, Ri is OH, R2 is N(Me)2, and R3 is OH.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein R is H, Ri is OH, R2 is N(Me)2, R3 is OH, and R4 is C(0)NH2.

15 In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein R is H, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, and

RsisOH.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions whereinR is H, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

20 is OH, and R6 is OH.

In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions wherein R is H, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, R6 is OH, andRv is OH.

In a fiirther embodiment, the methods comprise a compound of formula 64 and the

25 attendant definitions wherein R is H, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, R6 is OH, R7 is OH, and Li is CH2.

In a further embodiment, the methods comprise a compound of formula 64 and the

attendant definitions wherein R is H, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, Re is OH, R7 is OH, Li is CH2, and L2 is O.
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In a further embodiment, the methods comprise a compound offormula 64 and the

attendant definitions whereinR is H, Ri is OH, R2 is N(Me)2, R3 is OH, R4 is C(0)NH2, R5

is OH, Re is OH, R7 is OH, Li is CH2, U is O, and L3 is O.

In another embodiment, methods for activating a sirtuin protein comprise using an

5 activating compound of formula 65:

wherein, independently for each occurrence:

R is H or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl,

10 heteroaryl, or heteroaralkyl;

Ri, R2, and R3 are hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl; and

Li and L2 are O, NR, or S.

15 In a fiirther embodiment, the methods comprise a compound offormula 65 and the

attendant definitions wherein R is methyl.

In a further embodiment, the methods comprise a compound of formula 65 and the

attendant definitions wherein Ri is methyl.

In a fiirther embodiment, the methods comprise a compound offormula 65 and the

20 attendant definitions wherein R2 is CO2H.

In a further embodiment, the methods comprise a compound offomaula 65 and the

attendant definitions wherein R3 is F.

In a further embodiment, the methods comprise a compoxmd offormula 65 and the

attendant definitions wherein Li is O.

25 In a further embodiment, the methods comprise a compound offormula 65 and the

attendant definitions wherein is O.
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In a further embodiment, the methods comprise a compound offormula 65 and the

attendant definitions whereinR is methyl and Ri is methyl.

In a further embodiment, the methods comprise a compound offormula 65 and the

attendant definitions whereinR is methyl, Ri is methyl, and R2 is CO2H.

5 In a further embodiment, the methods comprise a compound of formula 65 and the

attendant definitions whereinR is methyl, Ri is methyl, R2 is CO2H, and R3 is F.

In a further embodiment, the methods comprise a compound offomiula 65 and the

attendant definitions wherein R is methyl, Ri is methyl, R2 is CO2H, R3 is F, and Li is O.

In a further embodiment, the methods comprise a compound of formula 65 and the

10 attendant definitions whereinR is methyl, Ri is methyl, R2 is CO2H, R3 is F, Li is O, and L2

isO.

Exemplary activating compounds are those listed in the appended Tables having a

ratio to control rate ofmore than one. A preferred compound of formula 8 is Dipyridamole;

a preferred compound of formula 12 is Hinokitiol; a preferred compound of formula 13 is

15 L-(+)-Ergothioneine; a preferred compound of formula 19 is Caffeic Acid Phenol Ester; a

preferred compound of formula 20 is MCI-186 and a preferred compoimd of formula 21 is

HBED (Supplementary Table 6). Activating compounds may also be oxidized forms of the

compounds ofTable 21.

Also included are pharmaceutically acceptable addition salts and complexes of the

20 compounds of formulas 1-25, 30, and 32-65. In cases wherein the compounds may have

one or more chiral centers, imless specified, the compounds contemplated herein may be a

single stereoisomer or racemic mixtures of stereoisomers.

In cases in which the compounds have unsaturated carbon-carbon double bonds,

both the cis (Z) and trans (E) isomers are contemplated herein. In cases wherein the

O
25 compounds may exist in tautomeric forms, such as keto-enol tautomers, such as and

OR'

, each tautomeric form is contemplated as being included within the methods

presented herein, whether existing in equihbrium or locked in one form by appropriate

substitution with R*. The meaning of any substituent at any one occurrence is independent

of its meaning, or any other substituent's meaning, at any other occurrence.
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Also included in the methods presented herein are prodrugs ofthe compounds of

formulas 1-25, 30, and 32-65. Prodrugs are considered to be any covalently bonded carriers

that release the active parent drug in vivo.

Analogs and derivatives of the above-described compounds can also be used for

5 activating a member of the sirtuin protein family. For example, derivatives or analogs may

make the compounds more stable or improve their ability to traverse cell membranes or

being phagocytosed or pinocytosed. Exemplary derivatives include glycosylated

derivatives, as described, e.g., in U.S. Patent 6,361,815 for resveratrol. Other derivatives of

resveratrol include cis- and trans-resveratrol and conjugates thereof with a saccharide, such

10 as to form a glucoside (see, e.g., U.S. Patent 6,414,037). Glucoside polydatin, referred to as

piceid or resveratrol 3-0-beta-D-glucopyranoside, can also be used. Saccharides to which

compounds may be conjugated include glucose, galactose, maltose, lactose and sucrose.

Glycosylated stilbenes are further described in Regev-Shoshani et al. Biochemical J.

(published on 4/16/03 as BJ20030141). Other derivatives of compounds described herein

15 are esters, amides and prodrugs. Esters of resverattrol are described, e.g., in U.S. patent

6,572,882. Resveratrol and derivatives thereof can be prepared as described in the art, e.g.,

in U.S. patents 6,414,037; 6,361,815; 6,270,780; 6,572,882; and Brandolini et al. (2002) J.

Agric. Food. Chem.50:7407. Derivatives of hydroxyflavones are described, e.g., in U.S.

patent 4,591,600. Resveratrol and other activating compounds can also be obtained

20 commercially, e.g., from Sigma.

In certain embodiments, if an activating compound occurs naturally, it may be at

least partially isolated from its natural enviromnent prior to use. For example, a plant

polyphenol may be isolated from a plant and partially or significantly purified prior to use

in the methods described herein. An activating compound may also be prepared

25 synthetically, in which case it would be free of other compounds with which it is naturally

associated. In an illustrative embodiment, an activating composition comprises, or an

activating compound is associated with, less than about 50%, 10%, 1%, 0.1%, 10"^% or 10'

^% of a compound with which it is naturally associated.

Sirtuin proteins may be activated in vitro, e.g., in a solution or in a cell. In one

30 embodiment, a sirtuin protein is contacted with an activating compound in a solution. A

sirtuin is activated by a compound when at least one of its biological activities, e.g.,

deacetylation activity, is higher in the presence of the compound than in its absence.

Activation may be by a factor of at least about 10%, 30%, 50%, 100% (i.e., a factor oftwo).
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3, 10, 30, or 100. The extent of activation can be determined, e.g., by contacting the

activated sirtuin with a deacetylation substrate and determining the extpnt of deacetylation

of the substrate, as further described herein. The observation of a lower level of acetylation

of the substrate in the presence of a test sirtuin relative to the presence of a non activated

5 control sirtuin indicates that the test sirtuin is activated. The solution may be a reaction

mixture. The solution may be in a dish, e.g., a multiwell dish. Sirtuin proteins may be

' prepared recombinantly or isolated from cells according to methods known in the art.

In another embodiment, a cell comprising a sirtuin deacetylase protein is contacted

witii an activating compound. The cell may be a eukaryotic cell, e.g., a mammalian cell,

10 such as a human cell, a yeast cell, a non-human primate cell, a bovine cell, an ovine cell, an

equine cell, a porcine cell, a sheep cell, a bird (e.g., chicken or fowl) cell, a canine cell, a

feline cell or a rodent (mouse or rat) cell. It can also be a non-mammalian cell, e.g., a fish

cell. Yeast cells include S. cerevesiae and C. albicans. The cell may also be a prokaryotic

cell, e.g., a bacterial cell. The cell may also be a single-cell microorganism, e.g., a

15 protozoan. The cell may also be a metazoan cell, a plant cell or an insect cell. The

appUcation of the methods decribed hereia to a large number of cell types is based at least

on the high convervation of sirtuins from humans to ftmgi, protozoans, metazoans and

plants.

In one embodiment, the cells are in vitro. A cell may be contacted with a solution

20 having a concentration of an activating compound of less than about 0.1 iM; 0.5 juM; less

than about 1 ^M; less than about 10 /iM or less than about 100 (M. The concentration of

the activating compound may also be in the range of about 0. 1 to 1 ijM, about 1 to 10 /M or

about 10 to 100 /xM. The appropriate concentration may depend on the particular

compoimd and the particular cell used as well as the desired effect. For example, a cell

25 may be contacted with a "sirtuin activating" concentration of an activating compound, e.g.,

a concentration sufficient for activating the sirtuin by a factor of at least 10%, 30%, 50%,

100%, 3, 10, 30, or 100.

In certain embodiments, a cell is contacted with an activating compound in v/vo,

such as in a subject. The subject can be a human, a non-human primate, a bovine, an ovine,

30 an equine, a porcine, a sheep, a canine, a feline or a rodent (mouse or rat). For example, an

activating compound may be administered to a subject. Administration may be local, e.g.,

topical, parenteral, oral, or other depending on the desired result of the adnraiistration (as

ftirther described herein). Administration may be followed by measuring a factor in the
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subject or the cell, such as the activity of the sirtuin, lifespan or stress resistance. In an

illustrative embodiment, a cell is obtained from a subject following administration of an

activating compound to the subject, such as by obtaining a biopsy, and the activity of the

sirtuin is determined in the biopsy. The cell may be any cell of the subject, but in cases in

5 which an activating compound is administered locally, the cell is preferably a cell that is

located in the vicinity ofthe site of administration.

Also provided are methods for modulating the acetylation level ofp53 proteins. As

shown herein (see, e.g., the Examples), lysine 382 of p53 proteins in cells is deacetylated

following incubation of cells in the presence of low concentrations of resveratrol.

10 Accordingly, "p53 deacetylating concentrations" of compoimds include, e.g.,

concentrations of less than about 0.1 ^M, 0.5 jtiM, 1 fiM, 3 jtiM, 50 ijM, 100 jxM or 300 /xM.

It has also been shown herein that p53 proteins in cells are acetylated in the presence of

higher concentrations of resveratrol. Accordingly, "p53 acetylating concentrations" of

compounds include, e.g., concentrations of at least about 10 fiM, 30 juM, 100 /iM or 300

15 pM. The level of acetylation of p53 can be detennined by methods known in the art, e.g.,

as further described in the Examples.

Other methods contemplated are methods for protecting a cell against apoptosis.

Without wanting to be limited to a particular mechanism of action, but based at least in part

on the fact that acetylation of p53 proteins activates p53 proteins and that activated p53

20 proteins induce apoptosis, iucubating cells comprising p53 proteins in the presence of a p53

deacetylating concentration of an activating compound prevents the induction of apoptosis

of the cells. Accordingly, a cell can be protected from apoptosis by activating sirtuins by

contacting the cell with an amount of an activating compound sufficient or adequate for

protecting against apoptosis, e.g., less than about 0.1 /xM, 0.5 /aM, 1 /xM, 3 /xM or 10 (jM.

25 An amount sufficient or adequate for protection agaiost s^poptosis can also be determined

experimentally, such as by incubating a cell with different amounts of an activating

compound, subjecting the cell to an agent or condition that induces apoptosis, and

comparing the extent of apoptosis in the presence of different concentrations or the absence

of an enhancing compound and deteraaining the concentration that provides the desired

30 protection. Detenniiiing the level of ^optosis in a population of cells can be performed

according to methods known in the art.

Yet other methods contemplated herein are methods for inducing apoptosis in a cell.

Without wanting to be limited to a particular mechanism of action, as shown in the
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Examples, at certain concentrations of compounds, p53 proteins are acetylated rather than

deacetylated, thereby activating the p53 proteins, and inducing apoptosis. Apoptosis

inducing concentrations of compounds may be, e.g., at least about 10 /zM, 30 /M, 100 /iM

or300/AM.

Appropriate concentrations for modulating p53 deacetylation and apoptosis can be

detennined according to methods, e.g., those described herein. Concentrations may vary

slightly from one cell to another, from one activating compound to another and whether the

cell is isolated or in an organism.

Cells in which p53 acetylation and apoptosis may be modulated can be in vitro, e.g.,

in cell culture, or in vivo, e.g., in a subject. Administration of an activating compound to a

subject can be conducted as further described herein. The level of p53 acetylation and/or

^optosis in cells ofthe subject can be detennined, e.g., by obtaining a sample of cells from

the subject and conducting an in vitro analysis of the level of p53 acetylation and/or

apoptosis.

Also provided herein are methods for extending the Ufespan of a eukaryotic cell

and/or increasing its resistance to stress comprismg, e.g., contacting the eukaryotic cell with

a compound, e.g., a polyphenol compound. Exemplary compounds include the activating

compounds described herein, such as compounds of the stilbene, flavone and chalcone

families. Although the Examples show that quercetin and piceatannol, which activate

sirtuins, were not found to significantly affect the lifespan of eukaryotic cells, it is believed

that this may be the result of a lack of entry of the compounds into the cell or potentially the

existence of another pathway overriding activation of sirtuins. Derivatives and analogs of

these compounds or administration of these compounds to other cells or by other methods

are expected to activate sirtuins.

In one embodiment, methods for extending the lifespan of a eukaryotic cell and/or

increasing its resistance to stress comprise contacting the cell with a stilbene, chalcone, or

flavone compound represented by formula 7:
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wherein, independently for each occurrence,

M is absent or O;

5 Ri, R2, R3, R4, Rs, R'l, R'2, R'a, R'4, and R'5 represent H, alkyl. aryl, heteroaryl,

araUcyl, alkaryl. heteroaralkyl, halide, NO2, SR, OR, N(R)2, or carboxyl;

R4 representsH or the two instances ofRa form a bond;

R represents H, alkyl, or aryl; and

nisOor 1.

10 In a further embodiment,' the methods comprise a compound represented by formula

7 and the attendant definitions, wherein n is 0. In a further embodiment, the methods

comprise a compound represented by formula 7 and the attendant definitions, wherein n is

1. In a further embodiment, the methods comprise a compound represented by formula 7

and the attendant definitions, wherein M is absent. In a further embodiment, the methods

15 comprise a compound represented by formula 7 and the attendant definitions, whereinM is

O. In a fiirther embodiment, the methods comprise a compound represented by formula 7

and the attendant definitions, wherein Ra is H. In a fijrther embodiment, the methods

comprise a compound represented by formula 7 and the attendant definitions, whereinM is

O and the two Ra form a bond. la a further embodiment, the methods comprise a

20 compound represented by formula 7 and the attendant definitions, wherein R5 is H. hi a

further embodiment, the methods comprise a compound represented by formula 7 and the

attendant definitions, wherein R5 is OH. In a further embodiment, the methods comprise a

compound represented by formula 7 and the attendant definitions, wherein Ri, R3, and R'3

are OH. In a further embodiment, the methods comprise a compound represented by

25 formula 7 and the attendant definitions, wherein Ra, R4, R'2, and R'3 are OH. In a further
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embodiment, the methods comprise a compound represented by formula 7 and the attendant

definitions, wherein R2, R'2, and R'3 are OH.

In a fiarfher embodiment, methods for extending the lifespan of a eukaryotic cell

comprise contacting the cell with a compoimd represented by formula 7 and the attendant

5 definitions, wherein n is 0; M is absent; Ra is H; R5 is H; Ri, R3, and R'3 are OH; and R2,

R4, R'l, R'2, R'4, and R'5 are H. In a further embodiment, the methods comprise a

compound represented by formula 7 and the attendant definitions, wherein n is 1; M is

absent; Ra is H; R5 is H; R2, R4, R'2, and R'3 are OH; and Ri, R3, R'u R'4, and R'5 are H. In

a further embodiment, the methods comprise a compound represented by formula 7 and the

10 attendant definitions, wherein n is 1; M is O; the two Ra form a bond; R5 is OH; R2, R'2,

and R'3 are OH; and Ri, R3, R4, R'l, R*4, and R'5 are H.

The eukaryotic cell whose lifespan may be extended can be a human, a non-human

primate, a bovine, an ovine, an equine, a porcine, a sheep, a canine, a feline, a rodent

(mouse or rat) or a yeast cell. A yeast cell may be Saccharomyces cerevisiae or Candida

15 albicans. Concentrations ofcompounds for this purpose may be about 0.1 pM, 0.3 /xM, 0.5

juM, 1 /xM, 3 iM, 10 juM, 30 juM, 100 jiU or 300 /dM. Based at least on the high

conservation of Sir2 proteins in various organisms, lifespan can also be prolonged in

prokaryotes, protozoans, metazoans, insects and plants.

The cell may be in vitro or in vivo. In some embodiments, a life extending

20 compound is administered to an organism (e.g., a subject) such as to induce hormesis, i.e.,

an increasing resistance to mild stress that results in increasing the lifespan of the organism.

In fact, it has been shown that SIR2 is essential for the increased longevity provided by

calorie restriction, a mild stress, that extends the Ufespan of every organism it has been

tested on (Lin et al. (2000) Science 249:2126). For example, overexpression of a

25 Caenorhabditis elegans SIR2 homologue, sir-2J, increases lifespan via a forkhead

transcription factor, DAF-16, and a SIR2 gene has recently been implicated in lifespan

regulation in Drosophila melanogaster (Rogina et al. Science (2002) 298:1745).

Furthermore, the closest human Sir2 homologue, SIRTl, promotes survival in human cells

by down-regulating the activity ofthe tumor suppressor p53 (Tissenbaum et al. Nature 410,

30 227-30 (2001); Rogina et al. Science 298:1745 (2002); and Vaziri, H. et al. Cell 107, 149-

59. (2001)). The role of SIR2 in stress resistance and cell longevity is further supported by

the identification oiPNCl as a calorie restriction- and stress-responsive gene that increases

lifespan and stress resistance of cells by depleting intracellular nicotinamide (Anderson et
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al. (2003) Nature 423:181 and Bitteiman et al. (2002) J. Biol. Chem. 277: 45099).

Accordingly, compounds may be administered to a subject for protecting the cells of the

subject from stresses and fh^by extending the lifespan ofthe cells of the subject.

Also encompassed are methods for inhibiting sirtuins; inhibiting deacetylation of

5 p53, e.g., for stimulating acetylation ofp53; stimulating apoptosis; reducing lifespan and/or

rendering cells or organisms more sensitive to stresses. Methods may include contacting a

cell or a molecule, such as a sirtuin or a p53 protein, with a compound that inhibits sirtuins,

i.e., an "inhibiting compound" or "sirtuin inhibitory compoimd." Exemplary inhibiting

compounds are set forth in Tables 1-13 and 22 (compoimds for which the ratio to control

10 rate is <1). Another compound is Mercury, (2-hydroxy-5-nitrophenyl)(6-thioguanosinato-

N7,S6). The compounds of Tables 1-8 may be obtained from Biomol, Sigma/Aldrich or

Indofine.

A sirtuin inhibitory compound may have a formula selected from the group of

formulas 26-29, 31, and 67-68:

15

26

wherein, independently for each occurrence,

R' represents H, halogen, NO2, SR, OR, NR2, alkyl, aryl, aralkyl, or carboxy;

20 R represents H, alkyl, aryl, aralkyl, or heteroaralkyl; and

R" represents alkyl, alkenyl, or alkynyl;

L L

27
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wherein, independently for each occurrence,

L represents O, NEl, or S;

R represents H, alkyl, aryl, aralkyl, or heteroaralkyl;

R' represents H, halogen, NO2, SR, SO3, OR, ISIR2, alkyl, aryl, aralkyl, or carboxy;

5 a represents an integ^ from 1 to 7 inclusive; and

b represents an integer from 1 to 4 inclusive;

10 wherein, independently for each occurrence,

L represents O, NR, or S;

R represents H, alkyl, aryl, aralkyl, or heteroaralkyl;

R' represents H, halogen, NO2, SR, SO3, OR, NR2, alkyl, aryl, or carboxy;

a represents an integer from 1 to 7 inclusive; and

15 b represents an integer from 1 to 4 inclusive;

20

wherein, independently for each occurrence,

L represents O, NR, or S;
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R represents H, alkyl, aryl, aralkyl, or heteroaralkyl;

R' represents H, halogen, NO2, SR, SO3, OR, NR2, alkyl, aryl, aralkyl, or carboxy;

a represents an integer firom 1 to 7 inclusive; and
^

b represents an integer from 1 to 4 inclusive;

wherein, independently for each occurrence,

R2, R3, and R4 are H, OH, or 0-alkyl;

R'3 isHorN02;and

A-B is an ethenylene or amido group.

In a further embodiment, the inhibiting compound is represented by formula 31 and

the attendant definitions, wherein R3 is OH, A-B is ethenylene, and R'3 is H.

In a further embodiment, the inhibiting compound is represented by formula 31 and

the attendant definitions, wherein R2 and R4 are OH, A-B is an amido group, and R'3 is H.

In a further embodiment, the inhibiting compound is represented by formula 31 and

the attendant definitions, wherein R2 and R4 are OMe, A-B is ethenylene, and R'3 is NO2.

In a further embodiment, the inhibiting compound is represented by formula 31 and

the attendant definitions, wherein R3 is OMe, A-B is ethenylene, and R'3 is H.

In another embodiment, methods for activating a sirtuin protein comprise using an

activating compoimd of formula 66:

R O Ri- O

66
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wherein, independently for each occurrence:

R, Ri, R2, R3, R4> R5, Re, R7, and Rg are H, hydroxy, amino, cyano, halide, alkoxy, ether,

ester, amido, ketone, carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl,

aralkyl, heterocyclyl, heterocyclylalkyl, heteroaryl, or heteroaralkyl.

5 In a further embodiment, the methods comprise a compound of formula 66 and the

attendant deJBnitions wherein R is OH.

In a further embodiment, the methods comprise a compound offormula 66 and the

attendant definitions wherein Ri is OH.

In a further embodiment, the methods comprise a compound of fonnula 66 and the

1 0 attendant definitions wherein R2 is OH.

In a further embodiment, the melhods comprise a compound offormula 66 and the

attendant definitions wherein R3 is C(0)NH2.

In a further embodiment, the methods comprise a compound of formula 66 and the

attendant definitions wherein R4 is OH.

15 In a further embodiment, the methods comprise a compound of fonnula 66 and the

attendant definitions wherein R5 is NMe2.

In a further embodiment, the methods comprise a compound offormula 66 and the

attendant definitions wherein R6 is methyl.

In a further embodiment, the methods comprise a compound of formula 66 and the

20 attendant definitions wherein R7 is OH.

In a further embodiment, the methods comprise a compound of fonnula 66 and the

attendant definitions wherein Rg is CL

In a further embodiment, the methods comprise a compoxmd offormula 66 and the

attendant definitions whereinR is OH and Ri is OH.

25 In a further embodiment, the methods comprise a compound of formula 66 and the

attendant definitions whereinR is OH, Ri is OH, and R2 is OH.

In a further embodiment, the methods comprise a compound offonnula 66 and the

attendant definitions whereinR is OH, Ri is OH, R2 is OH, and R3 is C(0)NH2.
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In a fiirther embodiment, the methods comprise a compound of formula 66 and the

attendant definitions whereinR is OH, Ri is OH, R2 is OH, R3 is C(0)NH2, and R4 is OH.

*

In a further embodiment, the methods comprise a compound of formula 66 and the

attendant definitions wherein R is OH, Ri is OH, R2 is OH, R3 is C(0)NH2, R4 is OH, and

5 RsisNMea.

In a fiirther embodiment, the methods comprise a compound of formula 66 and the

attendant definitions whereinR is OH, Ri is OH, R2 is OH, R3 is C(0)NH2, R4 is OH, R5 is

NMe2, and Re is methyl.

In a fiarther embodiment, the methods comprise a compound of formula 66 and the

10 attendant definitions whereinR is OH, Ri is OH, R2 is OH, R3 is C(0)NH2, R4 is OH, R5 is

NMe2, Re is methyl, and R7 is OH.

In a fiirther embodiment, the methods comprise a compound of formula 66 and the

attendant definitions wherein R is OH, Ri is OH, R2 is OH, R3 is C(0)NH2, R4 is OH, R5 is

NMe2, Re is methyl, R7 is OH, and Rg is CI.

1 5 In another embodiment, methods for mhibiting a sirtuin protein comprise using an

mhibiting compound of formula 67:

Ri O

67

wherein, independently for each occurrence:

20 R, Rb R2, and R3 are H, hydroxy, ammo, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxyUc acid, nitro, or a substituted or unsubstittited alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyl, heteroaryl, or heteroaralkyl.

In a fiirther embodiment, flie methods comprise a compound offormula 67 and the

attendant definitions whereinR is CI.

25 In a fiirther embodiment, the methods comprise a compound of formula 67 and the

attendant definitions wherein Ri is H.

In a fiirther embodiment, the methods comprise a compound offormula 67 and the

attendant definitions wherein R2 is H.
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In a further embodiment, the methods comprise a compound offonnula 67 and the

attendant definitions wherein R3 is Br.

In a further embodiment, the methods comprise a compound offonnula 67 and the

attendant definitions wherem R is CI and Ri is H.

In a further embodiment, the methods comprise a compound offoimula 67 and the

attendant definitions wherein R is CI, Ri is H, and R2 is H.

In a further embodiment, the methods comprise a compound of fonnula 67 and the

attendant definitions whereinR is CI, Ri is H, R2 is H, and R3 is Br.

In another embodiment, methods for inhibiting a sirtuin protein comprise using an

inhibitmg compound offonnula 68:

heterocyclyl, heterocyclylalkyi, heteroaryl, or heteroaralkyl;

R3, R4, and R5 are H, hydroxy, amino, cyano, halide, alkoxy, ether, ester, amido, ketone,

carboxylic acid, nitro, or a substituted or unsubstituted alkyl, aryl, aralkyl, heterocyclyl,

heterocyclylalkyi, heteroaryl, or heteroaralkyl;

L is O, MR, or S;

m is an integer firom 0 to 4 inclusive; and

n and 0 are integers firom 0 to 6 inclusive.

In a further embodiment, the methods comprise a compound offonnula 68 and the

attendant defixiitions wherein R is H.

In a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein Ri is H.

68

wherein, independently for each occurrence:

K Ri, R2, R6, and R7 areH or a substituted or unsubstituted alkyl, aryl, aralkyl.
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In a fvirther embodiment, the methods comprise a compound of formula 68 and the

attendant definitions whereinR2 is methyl.

In a further embodiment, the methods comprise a compound offormula 68 and the

attendant definitions whereinm is 0.

5 In a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein R4 is OH.

In a further embodiment, the methods comprise a compound offormula 68 and the

attendant definitions wherein R5 is OH.

hi a further embodiment, the methods comprise a compound offormula 68 and the

10 attendant definitions wherein is H.

In a further embodiment, liie methods comprise a compound of formula 68 and the

attendant definitions wherein R7 is H.

hi a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein L is NH.

15 In a fiirther embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein n is 1

.

In a fijrther embodiment, tiie mettiods comprise a compound offormula 68 and the

' attendant definitions wherein o is 1.

hi a fiirther embodunent, the methods comprise a compound offormula 68 and the

20 attendant definitions wheremR isH and Ri is H.

In a fiirther embodiment, the methods comprise a compound offormula 68 and the

attendant definitions whereinR is H, Ri is H, and R2 is methyl.

In a fiirther embodiment, tiie methods comprise a compound of formula 68 and the

attendant definitions wherein R is H, Ri is H, R2 is methyl, andm is 0.

25 In a fiirther embodiment, the methods comprise a compound offormula 68 and the

attendant definitions wherein R is H, Ri is H, R2 is methyl, m is 0, and R4 is OH.

In a fiirther embodiment, the methods comprise a compound offormula 68 and the

attendant definitions whereinR is H, Ri is H, R2 is methyl, m is 0, R4 is OH, andR5 is OH.
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In a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions whereinR is H, Ri is H, R2 is methyl, m is 0, R4 is OH, R5 is OH, and

Reis H.

In a further embodiment, the methods comprise a compound of formula 68 and the

5 attendant definitions whereinR is H, Ri is H, R2 is methyl, m is 0, R4 is OH, R5 is OH, Re is

H,andR7is H.

Jn a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein R is H, Ri is H, R2 is methyl, m is 0, R4 is OH, R5 is OH, R^ is

H,R7isH,andLis NH.

10 In a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein R is H, Ri is H, R2 is methyl, m is 0, R4 is OH, R5 is OH, Re is

H, R7 is H, L is NH, and n is 1.

In a further embodiment, the methods comprise a compound of formula 68 and the

attendant definitions wherein R is H, Ri is H, R2 is methyl, m is 0, R4 is OH, R5 is OH, Re is

15 H, R7 is H, L is NH, n is 1, and o is 1.

Inhibitory compounds may ^also be oxidized forms of the compounds of Table 22.

An oxidized form of chlortetracyclin may be an activator.

Also included are pharmaceutically acceptable addition salts and complexes of the

compounds of fonnulas 26-29, 31 and 66-68. In cases wherein the compounds may have

20 one or more chiral centers, unless specified, the compounds contemplated herein may be a

single stereoisomer or racemic mixtures of stereoisomers.

Exemplary inhibitory compounds are those set forth in the appended Tables for

which the "ratio to control rate" is lower than one.

In cases in which the compoimds have unsaturated carbon-carbon double bonds,

25 both the cis (Z) and trans (E) isomers are contemplated herein. In cases wherein the

O

compounds may exist in tautomeric forms, such as keto-enol tautomers, such as— and

OR',

, each tautomeric form is contemplated as being included within the methods

presented herein, whether existing in equilibrium or locked in one form by appropriate

substitution with R. The meaning of any substituent at any one occurrmce is independent

30 of its meaning, or any other substituents meaning, at any other occurrence.
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) Also included in the methods presented herein are prodrugs of the compounds of

formulas 26-29, 31 and 66-68. Prodrugs are considered to be any covalently bonded

carriers that release the active parent drug in vivo.

Inhibitory compounds may be contacted with a cell, administered to a subject, or

5 contacted with one or more molecules, such as a sirtuin protein and a p53 protein. Doses of

inhibitory compoimds may be similar to those of activating compounds.

Whether in vitro or in vivo^ 2i cell may also be contacted with more than one

compound (whether an activating compoxmd or an inhibiting compound). A cell may be

contacted with at least 2, 3, 5, or 10 different compounds. A cell may be contacted

10 simultaneously or sequentially with different compounds.

Also encompassed are compositions comprising one or more activating or inhibiting

compounds having a formula selec^ted from the group of formulas 1-68. Compounds may

be in a pharmaceutical composition, such as a pill or other formulation for oral

administration, further described herein. Compositions may also comprise or consist of

15 extracts ofplants, red wine or other source ofthe compounds.

In certain embodiments, a certain biological function, e.g., extending lifespan, is

modulated by any one of a compound of a genus of compounds (e.g., having formula f),

with the proviso that the genus does not include one or more specific compoimds. For

example, in certain embodiments, a sirtuin activator compound may be a compound of any

20 one of formulas 1-25, 30 and 32-65 with the proviso that the compound is not resveratrol,

flavone or any of the other compoimds specifically cited herein.

Yet other methods contemplated herein include sceening methods for identifying

compounds or agents that modulate sirtuins. An agent may be a nucleic acid, such as an

aptamer. Assays may be conducted in a cell based or cell free format. For example, an

25 assay may comprise incubating (or contacting) a sirtuin with a test agent under conditions

in which a sirtuin can be activated by an agent known to activate the sirtuin, and monitoring

or determining the level of activation of the sirtuin in the presence of the test agent relative

to the absence of the test agent. The level of activation of a sirtuin can be determined by

determining its ability to deacetylate a substrate. Exemplary substrates are acetylated

30 peptides, e.g., those set forfli in Fig. 5, which can be obtained from BIOMOL (Plymouth

Meeting, PA). Preferred substrates include peptides of p53, such as those comprising an

acetylated K382. A particularly preferred substrate is the Fluor de Lj^-SIRTl (BIOMOL),
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i.e., the acetylated peptide Arg-His-Lys-Lys. Otiier substrates are peptides from human

histones H3 and H4 or an acetylated amino acid (see Fig. 5). Substrates may be

fluorogenic. The sirtuin may be SIRTl or Sir2 or a portion thereof. For example,

recombinant SlRTl can be obtained fiom BIOMOL. The reaction may be conducted for

about 30 minutes and stopped, e.g., witii nicotinamide. The HDAC fluorescent activity

assay/drug discovery kit (AK-500. BIOMOL Research Laboratories) may be used to

determine the level of acetylation. Similar assays are described in Bittennan et al. (2002) J.

Biol. Chem. 277:45099. The level of activation of the sirtuin m an assay may be compared

to the level of activation of the sirtuin in the presence of one or more (separately or

simultaneously) compounds described herein, which may serve as positive or negative

controls. Sirtuins for use in the assays may be fidl length sirtuin proteins or portions

thereof Since it has heen shown herein that activating compounds appear to interact with

the N-terminus of SlRTl, proteins for use in tibie assays include N-tenninal portions of

sirtuins, e.g., about amino acids 1-176 or 1-255 of SIRTl; about amino acids 1-174 or 1-

252ofSir2.

In one embodiment, a screening assay comprises (i) contacting a sirtuin with a test

agent and an acetylated substrate under conditions appropriate for the sirtuin to deacetylate

the substi:ate in the absence ofthe test agent ; and (ii) determining the level of acetylation of

the substrate, wherein a lower level of acetylation of tihie substrate in the presence ofthe test

agent relative to tiie absence of the test agent indicates ttiat the test agent stimulates

deacetylation by the sirtuin, whereas a higher level of acetylation of the substrate in the

presence of the test agent relative to the absence of the test agent indicates tiiat the test

agent uihibits deacetylation by the sirtuin.

Methods for ideatifying an agent that modulates, e.g., stimulate or inhibit, sirtuins in

vivo may comprise (i) contacting a cell witii a test agent and a substrate that is capable of

entering a cell in the presence of an inhibitor of class I and class n HDACs under

conditions appropriate for the sirtuin to deacetylate the substrate in the absence of the test

agent
;
and (ii) deteimining the level of acetylation of the subsfrate, wherein a lower level

of acetylation of the substrate in the presence of the test agent relative to the absence ofthe

test agent indicates that the test agent stimulates deacetylation by the sirtuin, whereas a

higher level of acetylation of the substrate in the presence of tiie test agent relative to the

absence of tiie test agent indicates that the test agent inhibits deacetjdation by the sirtum. A
preferred substiate is an acetylated peptide, which is also prefeiibly fluorogenic, as furflier



wo 2005/002555 PCT/US2004/021479

118

described herein (Examples). The method may further comprise lysing the cells to

determine the level of acetylation of the substrate. Substrates may be added to cells at a

concentration ranging jfrom about l^M to about lOmM, preferably fiom about lO^M to

ImM, even more preferably from about lOOiuM to ImM, such as about 200/iM. A

5 preferred substrate is an acetylated lysine, e.g., €-acetyl lysine (Fluor de Lys, FdL) or Fluor

de Lys-SIRTl . A preferred inhibitor of class I and class n HDACs is trichostatm A (TSA),

which may be used at concentrations ranging from about 0.01 to lOO/iM, preferably from

about 0.1 to lO/iM, such as 1^. Incubation of cells with the test compound and the

substrate may be conducted for about 10 minutes to 5 hours, preferably for about 1-3 hours.

10 Since TSA inhibits all class I and class 11 HDACs, and that certain substrates, e.g., Fluor de

Lys, is a poor substrate for SIRT2 and even less a substrate for SIRT3-7, such an assay may

be used to identify modulators of SIRTl in vivo. An exemplary assay is further described

in the Examples and shown in Fig. 4a.

Also provided herein are assays for identifying agents that are capable of extending

1 5 or reducing the lifespan of cells and/or increasing or decreasing their resistance to stress. A

method may comprise incubating cells with a test agent and determining Ihe effect of the

test agent on rDNA silencing and rDNA recombination, wherein an increase in the

frequency of rDNA recombination and an absence of effect on rDNA silencing in the

presence of the test agent relative to the absence of the test agent indicates that the test

20 agent extends lifespan. This assay is based at least on the observation that resveratrol

reduced the frequency ofrDNA recombination by about 60% in a SIR2 dependent manner,

but did not increase rDNA silencing.

Also provided herein are methods for identifying the binding site of activating or

inhibitory compounds in sirtuin proteins. In one embodiment, BML-232 (Table 10) is used.

25 BML-232, has very similar SIRTl activating properties to resveratrol and contains a

phenylazide function. Phenylazide groups may be activated by the absorption of ultraviolet

light to form reactive nilrenes. When a protein-bound phenylazide is Ught-activated it can

react to fom covalent adducts with various protein functional groups in the site to which it

is bound. The photo cross-linked protein may then be analyzed by proteolysis/mass

30 spectrometry to identify amino acid residues which may form part ofthe binding site for the

compound. This information, in combination with published three dimensional structural

mforaiation on SIRTl homologs could be used to aid the design of new, possibly hi^er

affinity, SIRTl activating ligands.
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Exemplary uses

In one embodiment, cells are treated in vitro as described herein to mimic caloric

restriction, such as to extend their lifespan, e.g., to keep them proliferating longer and/or

5 increasing their resistance to stress or prevent apoptosis. That compounds described herein

may increase resistance to stress is based at least on the observation that Sir2 provides

stress resistance and that PNCl modulates Sir2 activity in response to cell stress (Anderson

et al. (2003) Nature 423:181). This is particularly useful for primary cell cultures (i.e.,

cells obtained from an organism, e.g., a human), which are known to have only a limited

10 lifespan in culture. Treating such cells according to methods described herein, e.g., by

contacting them with an activating or lifespan extending compound, will result in

increasing the amount oftime that the cells are kept alive in culture. Embryonic stem (ES)

cells and pluripotent cells, and cells differentiated therefrom, can also be treated according

to the methods described herein such as to keep the cells or progeny thereof in culture for

15 longer periods of time. Primary cultures of cells, ES cells, pluripotent cells and progeny

thereof can be used, e.g., to identify compounds having particular biological effects on the

cells or for testing the toxicity of compounds on the cells (i.e., cytotoxicity assays). Such

cells can also be used for transplantation into a subject, e.g., after ex vivo modification.

In other embodiments, cells that are intended to be preserved for long periods of

20 time are treated as described herein. The cells can be cells in suspension, e.g., blood cells,

serum, biological growth media, or tissues or organs. For example, blood collected from

an individual for administering to an individual can be treated as described herein, such as

to preserve the blood cells for longer periods of time, such as for forensic purposes. Other

cells that one may treat for extending their lifespan or protect against apoptosis include

25 cells for consumption, e.g., cells from non-hmnan mammals (such as meat), or plant cells

(such as vegetables).

Generally, sirtuin-activating compounds may be used for extending the lifespan of

a cell; extending the proliferative capacity of a cell; slowing agemg of a cell; promoting

the survival of a cell; delaying cellular senescence in a cell; or mimicking the effects of

30 calorie restriction. In certain embodiments, a sirtuin-activating compound does not

significantly increase the resistance of a cell to oxidative stress, although it may increase

its resistance to other types of stresses. For example, a compound may increase the
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resistance of a cell to oxidative stress less than about 2, 5, 10, 30, or 100 fold relative to

another compound, e.g., reseveratroL

Compounds may also be applied during developmental and growth phases in

mammals, plants, insects or microorganisms, in order to, e.g., alter, retard or accelerate the

5 developmental and/or growth process.

In another embodiment, cells obtained from a subject, e.g., a human or other

mammal, are treated according to methods described herein and then ladministered to the

same or a different subject. Accordingly, cells or tissues obtained from a donor for use as

a graft can be treated as described herein prior to administering to the recipient ofthe graft.

10 For example, bone marrow cells can be obtained from a subject, treated ex v/vo, e.g., to

extend their Ufespan, and then administered to a recipient. The graft can be an organ, a

tissue or loose cells.

In yet other embodiments, cells are treated in vivo, e.g., to increase their lifespan or

prevent apoptosis. For example, skin can be protected from aging, e.g., developing

15 wrinkles, by treating skin, e.g., epithehal cells, as described herein. In an exemplary

embpdiment, skin is contacted with a pharmaceutical or cosmetic composition comprising

a compound described herein. Exemplary skin afflictions or skin conditions include

disorders or diseases associated with or caused by inflammation, sun damage or natural

aging. For example, the compositions find utiUty in the prevention or treatment of contact

20 dermatitis (including irritant contact dermatitis and allergic contact dermatitis), atopic

dermatitis (also known as allergic eczema), actinic keratosis, keratinization disorders

(including eczema), epidermolysis bullosa diseases (including penfigus), exfoliative

dermatitis, seborrheic dermatitis, erythemas (including erythema multiforme and erythema

nodosum), damage caused by the sxm or other light sources, discoid lupus erythematosus,

25 dermatomyositis, skin cancer and the effects of natural aging. The formulations may be

administered topically, to the skin or mucosal tissue, as an ointment, lotiori, cream,

microemulsion, gel, solution or the like, as ftirfher described herein, within tiie context ofa

dosing regimen effective to bring about the desired result. A dose of active agent may be ia

the range of about 0.005 to about 1 micromoles per kg per day, preferably about 0.05 to

30 about 0.75 micromoles per kg per day, more typically about 0.075 to about 0.5 micromoles

per kg per day. It will be recognized by those skilled in the art tiiat the optimal quantity

and spacing of individual dosages will be determined by the nature and extent of the

condition bemg treated, tiie site of administration, and the particular individual undergoing
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treatment, and that such optimums can be determined by conventional techniques. That is,

an optimal dosing regimen for any particular patient, i.e., the number and frequency of

doses, can be ascertained using conventional course of treatment determination tests.

Generally, a dosing regimen involves administration of the topical formulation at least

5 once daily, and preferably one to four times daily, until symptoms have subsided.

Topical formulations may also be used as preventive, e.g., chemopreventive,

compositions. Whdn used in a chemopreventive method, susceptible skin is treated prior to

any visible condition in a particular individual.

Compounds can also be delivered locally, e.g., to a tissue or organ within a subject,

10 such as by injection, e.g., to extend the Hfespan of the cells; protect against apoptosis or

induce apoptosis.

Generally, sirtuin-activating compoimds may be used in methods for treating or

preventing a disease or condition induced or exacerbated by cellular senescence in a

subject; methods for decreasing the rate of senescence of a subject, e.g., after onset of

15 senescence; methods for extending the Ufespan of a subject; methods for treating or

preventing a disease or condition relating to lifespan; mefliods for treating or preventing a

disease or condition relating to the proliferative capacity of cells; and methods for treating

or preventing a disease or condition resulting from cell damage or death. In certain

embodiments, tiie disease or condition does not result from oxidative stress. In certain

20 embodiments, a method does not significantly increase the resistance of the subject to

oxidative stress. In certain embodiments, Ihe method does not act by decreasing the rate of

occurrence of diseases that shorten the lifespan of a subject. In certain embodiments, a

method does not act by reducing the lethahty caused by a disease, such as cancer.

In yet another embodiment, a sirtuin activating compound is administered to a

25 subject, such as to generally increase the lifespan of its cells and to protect its cells against

stress and/or against apoptosis. It is beUeved that treating a subject with a compound

described herein is similar to subjecting the subject to hormesis, i.e., mild stress that is

beneficial to organisms and may extend their lifespaiL For example, a compound can be

taken by subjects as a food or dietary supplement. In one embodiment, such a compound

30 is a component of a multi-vitamin complex. Compounds can also be added to existing

formulations that are taken on a daily basis, e.g., statins and aspirin. Compounds may also

be used as food additives.
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Compounds described herein could also be taken as one component of a multi-drug

complex or as a supplement in addition to a multi-drug regimen. In one embodiment, this

multi-drug complex or regimen would include drugs or compounds for the treatment or

prevention of aging-related diseases, e.g., stroke, heart disease, arthritis, high blood

5 pressure, Alzheimer's, hi another embodiment, this multi-drug regimen would include

chemotherapeutic drugs for the treatment of cancer. Li a specific embodiment, a compound

could be used to protect non-cancerous cells from the effects of chemotherapy.

Sirtuin-activating compoimds may be administered to a subject to prevent aging

and aging-related consequences or diseases, such as stroke, heart disease, such as heart

10 failure, arthritis, high blood pressure, and Alzheimer's disease. Other conditions that can

be treated include ocular disorders, e.g., associated with the aging of the eye, such as

cataracts, glaucoma, and macular degeneration. Sirtuin-activating compounds described

herein can also be administered to subjects for treatment of diseases, e.g., chronic diseases,

associated with cell death, such as to protect the cells from cell death. Exemplary diseases

15 include those associated with neural cell death or muscular cell death, such as Parkinson's

disease, Alzheimer's disease, multiple sclerosis, amniotropic lateral sclerosis, and

muscular dystrophy; AIDS; fiilminant hepatitis; diseases linked to degeneration of the

brain, such as Creutzfeld-Jakob disease, retinitis pigmentosa and cerebellar degeneration;

myelodysplasis such as aplastic anemia; ischemic diseases such as myocardial infarction

20 and stroke; hq)atic diseases such as alcoholic hepatitis, hepatitis B and hepatitis C; joint-

diseases such as osteoarthritis; atherosclerosis; alopecia; damage to' the skin due to UV

light; Uchen planus; atrophy of the skin; cataract; and graft rejections.

Cardiovascular diseases that can be treated or prevented include cardiomyopathy or

myocarditis; such as idiopathic cardiomyopathy, metabolic cardiomyopathy, alcohohc

25 cardiomyopathy, drug-induced cardiomyopathy, ischemic cardiomyopathy, and

hypertensive cardiomyopathy. Also treatable or preventable using methods described

herein are atheromatous disorders of the major blood vessels (macrovascular disease) such

as the aorta, the coronary arteries, the carotid arteries, the cerebrovascular arteries, the

renal arteries, the iUac arteries, the femoral arteries, and the popliteal arteries. Other

30 vascular diseases that can be treated or prevented include those related to the retinal

arterioles, the glomerular arterioles, the vasa nervorum, cardiac arterioles, and associated

c^illary beds of the eye, the kidney, the heart, and the central and peripheral nervous
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systems. The compounds may also be used for increasing HDL levels in plasma of an

individual.

Yet other disorders that may be treated with sirtuin activators include restenosis,

e.g., following coronary intervention, and disorders relating to an abnormal level of high

5 density and low density cholesterol. Sirtuin activators may also be used for treating or

preventing viral infections, such as infections by influenza, herpes or papilloma virus.

They may also be used as antifungal agents, anti-inflammatory agents and neuroprotective

agents.

Sirtuin-activating compounds described herein can also be administered to a

10 subject suffering from an acute disease, e.g., damage to an organ or tissue, e.g., a subject

suffering from stroke or myocardial infarction or a subject suffering from a spinal cord

injury. Compounds can also be used to repair an alcoholic's liver.

Sirtuin-activating compounds can also be administered to subjects who have

recently received or are likely to receive a dose of radiation. In one embodiment, the dose

15 of radiation is received as part of a work-related or medical procedure, e.g., working in a

nuclear power plant, flying an airplane, an X-ray, CAT scan, or the administration of a

radioactive dye for medical imaging; in such an embodiment, the compound is

administered as a prophylactic measure. In another embodiment, the radiation exposure is

received unintentionally, e.g., as a result of an industrial accident, terrorist act, or act of

20 war involving radioactive material. In such a case, the compound is preferably

administered as soon as possible after the exposure to inhibit apoptosis and the subsequent

development of acute radiation syndrome.

Based at least on the discovery that certain concentrations of activating compounds

prevent deacetylation of p53 in cells and thereby may induce apoptosis in cells, the

25 activating compounds can also be administed to a subject in conditions in which apoptosis

of certain cells is desired. For example, cancer may be treated or prevented. Exemplary

cancers are those of the brain and kidney; hormone-dependent cancers including breast,

prostate, testicular, and ovarian cancers; lymphomas, and leukemias. In cancers associated

with solid tumors, a activating compound may be administered directly into the tumor.

30 Cancer of blood cells, e.g., leukemia can be treated by administering a activating

compound into the blood stream or into the bone marrow. Benign cell growth can also be

treated, e.g., warts. Other diseases that can be treated include autoimmune diseases, e.g.,
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systemic lupus erythematosus, scleroderma, and arthritis, in which autoimmune cells

should be removed. Viral infections such as herpes, HIV, adenovirus, and HTLV-1

associated malignant and benign disorders can also be treated by administration of

compounds. Alternatively, cells can be obtained from a subject, treated ex vivo to remove

5 certain undesirable cells, e.g., cancer cells, and administered back to the same or a

different si^bject.

Chemotherapeutic agents that may be coadministered with compounds described

herein as having anti-cancer activity (e.g., compounds that induce apoptosis, compounds

that reduce lifespan or compounds that render cells sensitive to stress) include:

10 • aminoglutethimide, amsacrine, anastrozole, asparaginase, beg, bicalutamide, bleomycin,

buserelin, busulfan, campothecin, capecitabine, carboplatin, carmustine, chlorambucil,

cisplatin, cladribine, clodronate, colchicine, cyclophosphamide, cyproterone, cytarabine,

dacarbazine, dactinomycin, daunorubicin, dienestrol, diethylstilbestrol. docetaxel,

doxorubicin, epirubicin, estradiol, estramustine, etoposide, exemestane, filgrastim,

15 fludarabine, fludrocortisone, fluorouracil, fluoxymesterone, flutamide, gemcitabine,

genistein, gosereUn, hydroxyurea, idarubicin, ifosfamide, imatinib, interferon, irinotecan,

ironotecan, letrozole, leucovorin, leuproUde, levamisole, lomustine, mechlorethamine,

medroxyprogesterone, megestrol, melphalan, mercaptopurine, mesna, methotrexate,

mitomycin, mitotane, mitoxantrone, nilutamide, nocodazole, octreotide, oxaliplatm,

20 paclitaxel, pamidronate, pentostatin, plicamycin, porfimer, procarbazine, raltitrexed,

rituximab, streptozocin, suramin, tamoxifen, temozolomide, teniposide, testosterone,

fhioguanine, thiotepa, titanocene dichloride, topotecan, trastuzumab, tretinoin, vinblastine,

vincristine, vindesine, and vinorelbine.

These chemotherapeutic agents may be categorized by their mechanism of action

25 -into, for example, following groups: anti-metaboUtes/anti-cancer agents, such as pyrimidine

analogs (5-fluorouracil, floxuridine, capecitabine, gemcitabine and cytarabine) and purine

analogs, folate antagonists and related inhibitors (mercaptopurine, thioguanine, pentostatin

and 2-chlorodeoxyadenosine (cladribine)); antiprohferative/antimitotic agents including

natural products such as vinca alkaloids (vinblastine, vincristine, and vinorelbine),

30 microtubule disrupters such as taxane (paclitaxel, docetaxel), vincristin, vinblastin,

nocodazole, epothilones and navelbine, epidipodophyllotoxins (teniposide), DNA damaging

agents (actinomycin, amsacrine, anthracycUnes, bleomycin, busulfan, camptothecin,

carboplatin, chlorambucil, cisplatin, cyclophosphamide, Cytoxan, dactinomycin.
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daimorubiciB, docetaxel, doxorubicin, epirabicin, hexamethylmelainineoxaliplatin,

iphosphatoide, melphalan, merchlorethamine, mitomycin, mitoxantrone, nitrosourea,

paclitaxel, plicamycin, procarbazine, teniposide, triethylenethiophosphoramide and

etoposide (VP16)); antibiotics such as dactinomycin (actinomycin D), daunorubicin,

5 doxorubicin (adriamycin), idarubicin, anthracyclines, mitoxantrone, bleomycins,

plicamycin (mithramycin) and mitomycin; enzymes (L-asparaginase which systemically

metabolizes L-asparagine and deprives cells which do not have the capacity to synthesize

their own asparagine); antiplatelet agents; antiprohferative/antimitotic alkylating agents

such as nitrogen mustards (mechlorethamine, cyclophosphamide and analogs, melphalan,

10 chlorambucil), ethylenimines and methyhnelamines (hexamethyhnelamine and thiotepa),

alkyl sulfonates-busulfan, nitrosoureas (carmustine (BCNU) and analogs, streptozocin),

trazenes - dacarbazinine (DTIC); antiproliferative/antimitotic antimetabolites such as fohc

acid analogs (methotrexate); platinum coordination complexes (cisplatin, carboplatin),

procarbazine, hydroxyurea, mitotane, aminoglutethimide; hormones, hormone analogs

15 (estrogen, tamoxifen, goserelin, bicalutamide, nilutamide) and aromatase inhibitors

(letrozole, anastrozole); anticoagulants (heparin, synthetic heparin salts and other inhibitors

of thrombin); fibrinolytic agents (such as tissue plasminogen activator, streptokinase and

urokinase), aspirin, C0X>2 inhibitors, dipyridamole, ticlopidine, clopidogrel, abciximab;

antimigratory agents; antisecretory agents (breveldin); immunosuppressives (cyclosporine,

20 tacroUmus (FK-506), sirolimus (rapamycin), azathioprine, mycophenolate mofetil); anti-

angiogenic compounds (TNP-470, genistein) and growth factor inhibitors (vascular

endothehal growth factor (VEGF) inhibitors, fibroblast growth factor (FGF) inhibitors,

epidermal growth factor (EGF) inhibitors); angiotensin receptor blocker; nitric oxide

donors; anti-sense oligonucleotides; antibodies (trastuzumab); cell cycle inhibitors and

25 differentiation inducers (tretinoin); mTOR inhibitors, topoisomerase inhibitors (doxorubicm

(adriamycin), amsacrine, camptothecin, daunorubicin, dactinomycin, eniposide, epirubicin,

etoposide, idarubicin, irinotecan (CPT-11) and mitoxantrone, topotecan, irinotecan),

corticosteroids (cortisone, dexamethasone, hydrocortisone, methylpednisolone, prednisone,

and prenisolone); growth factor signal transduction kinase inhibitors; mitochondrial

30 dysfunction inducers and caspase activators; chromatin disruptors.

These chemotherapeutic agents may be used by themselves with a compoxmd

described herein as
.
inducing cell death or reducing lifespan or increasing sensitivity to
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Stress and/or in combination with other chemotherapeutics agents. Many combinatorial

therapies have been developed, including but not limited to those listed in Table 23

.

Table 23: Exemplary conventional combination cancer chemotherapy

Name Therapeutic agents

ABV Doxorubicin, Bleomycin, Vinblastine

ABVD Doxorabicin, Bleomycin, Vinblastine. Dacaibazine

Doxorubicin. Cvcloohosohamide

Doxorubicin. Cisnlatin

AO rNTpiirnViljiQtmTia^ Cyclophosphamide, Doxorubicin

ACV Cyclophosphamide, Doxorubicin, Etoposide

Cyclophosphamide, Doxorubicin

AD Doxorubicin, Dacarbazine

AP DoYorubicih- Cisolatin

ARAC-DNR Cytarabine, Daunorubicin

Tl-PAV<*XJ-V/jTV V c Bleomycin, Lomustine, Doxorubicin, Vinblastine

BCVPP Carmustine, Cyclophosphamide, Vinblastine, Procarbazine,

Prednisone

Bleomycin Etonoside, Doxorubicia, Cyclophosphamide,

Vincristine, Procarbazine, Prednisone, Filgrastim

Bleomycin, Etoposide, Cisplatin

RTP Bleomycin, Cisplatin, Ifosfamide, Mesna

ROMP Bleomycin, Vincristine, Cisplatin, Mitomycin

PA Pvtarabine. Asoaraeinase

Cisplatin, Methotrexate, Bleomycin, Vincristine

PAP Cyclophosphamide, Doxorubicin, Fluorouracil

CAI^G Cyclophosphamide, Daunorubicin, Vincristine, Prednisone,

Asparaginase

CAMP Cyclophosphamide, Doxorubicin, ' Methotrexate,

Procarbazine

CAP Cyclophosphamide, Doxorubicin, Cisplatin

CaT Carboplatin, PacUtaxel

CAV Cyclophosphamide, Doxorubicin, Vincristine

CAVE ADD CAV and Etoposide

CA-VP16 Cyclophosphamide, Doxorubicin, Etoposide

CC Cyclophosphamide, Carboplatin

CDDPA^-16 Cisplatin, Etoposide

CEF Cyclophosphamide, Epirubicin, Fluorouracil

CEPP(B) Cyclophosphamide, Etoposide, Prednisone, with or without/

Bleomycin

CEV Cyclophosphamide, Etoposide, Vincristine

CF Cisplatin, Fluorouracil or Carboplatin Fluorouracil

CHAP Cyclophosphamide or Cyclophosphamide, Altretamine,

Doxorubicin, Cisplatin

CWVPP Chlorambucil, Vinblastme, Procarbazine, Prednisone

CHOP Cyclophosphamide, Doxorubicin, Vincristine, Prednisone

CHOP-BLEO Add Bleomycin to CHOP
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CISCA L/yciopJiosphaniide, Doxorubicin, Cisplatin

CLD-BOMP jDieomycin, dspiaiui, vincnsiuie, JVLitomycin

CMF ivieinoirexaxe, riuorouracii, L.yciopxiospJianiiQe

CMFP ^yciopnospnamiue, Meiiiotrexate, riuorouracii, Prednisone
CMFVP Cyclophosphamide, Methotrexate, Fluorouracil, Vincristine,

Prednisone

CMV Vyispiann, jvietnotrexate, vinblastine

CNF t^yciopnospnamiae, Mitoxantrone, Jhluorouracil

CNOP Cyclophosphamide, Mitoxantrone, Vincristine, Prednisone
COB Cisplatin, Vincristine, Bleomycin

Cisplatin, Vincristine, Doxorubicin, Etoposide

Cyclophosphamide, Vincristine, Methotrexate, Leucovorin,
Cytarabine

COMP Cyclophosphamide, Vmcristine, Methotrexate, Prednisone
\^uupcx rvC^irntlfl Cyclophosphamide, Methotrexate, Fluorouracil, Vincristine,

Prednisone
COP Cyclophosphamide, Vincristine, Prednisone
COPE Cyclophosphamide, Vincristine, Cisplatin, Etoposide
COPP Cyclophosphamide, Vincristine, Procarbazine, Prednisone
CT^^CV)TnniP l'\/mnlir»r»\/fir»

leukemia^
Chlorambucil, Prednisone

CP rOvarian CaT^^p^^ v-^yL/iopnospnamiue, L/ispiaun

CT v^ibpiaun, raciiiaxei

CVD ^w'lspiaiin, vinDiasime, uacaroazme
CVI v-^arDopiaun, xiioposiae, iiosiamiae, Mesna
CVP Cyclophosphamide, Vincristine, Prednisome
CVPP Lomustine, Procarbazine, Prednisone
CYVADIC Cyclophosphamide, Vincristine, Doxorubicin, Dacarbazine
DA juaunoruDicm, v^ytaraDme

DAT j^aunoruDicin, v^yiaraome, inioguanme
DAV i^aunoruDicm, ujaaraome, iitoposiae

DCT i-'aunoruDicin, uytaraDme, iJoioguanme
DHAP ^^ispiann, L/ytaraDme, JJexametnasone
DI jL/uAoruDiom, iiosiamiue

DTIC/Tamoxifen i-'aucirDdzinc, i amoxiien
DVP x-zauiioruoicm, V mcnsune, JnTeumsone
EAP jj/iupuoluc, j^oxoruDicm, v/ispiann

EC jjrttjpuoluc, v^drDopiaiJUa.

EFP xviupubic, nuorouracil, iM^ispiann

ELF jj'Lupubluc, i-*cu.covoim, riuorouracii

EMA86 xvju luAaxiu uiic, jjfiupuoiu.c, v^yiaraDme
EP Etoposide, Cisplatin

EVA Etoposide, Vinblastine

FAC Fluorouracil, Doxorubicin, Cyclophosphamide
FAM Fluorouracil, Doxorubicin, Mitomycin
FAMTX Methotrexate, Leucovorin, Doxorubicin
FAP Fluorouracil, Doxorubicin, Cisplatin

F-CL Fluorouracil, Leucovorin
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Fluorouracil, Cyclophosphamide, Epirubicin

FED Fluorouracil, Etoposide, Cisplatin

FL Flutamide, Leuprolide

FZ Flutamide, Goserelin acetate implant

HDMTX Methotrexate, Leucovorin

Hexa-CAF Altretamine, Cyclophosphamide, Methotrexate, Fluorouracil

ICE-T Ifosfamide, Carboplatm, Etoposide, Paclitaxel, Mesna

roMTX/6-MP Methotrexate, Mercaptopurine, Leucovorin

DB Ifosfamide, Etoposie, Mesna

IfoVP Ifosfamide, Etoposide, Mesna

IPA Ifosfamide, Cisplatin, Doxorubicin

M-2 Vincristine, Carmustine, Cyclophosphamide, Prednisone,

Melphalan

MAC-m Methotrexate, Leucovorin, Dactinomycin,

Cyclophosphamide

MACC Methotrexate, Doxorubicin, Cyclophosphamide, Lomustine

MACOP-B Mediotrexate, Leucovonn, Doxorubicm, Cyclophosphamide,

Vincristine, Bleomycin, Prednisone

MAID Mesna, Doxorubicin, Ifosfamide, Dacarbazme

m-BACOD Bleomycin, Doxorubicin, Cyclophosphamide, Vincristine,

Dexamethasone, Methotrexate, Leucovorin

MBC Methotrexate, Bleomycin, Cisplatin

MC Mitoxantrone, Cytarabine

MF Methotrexate, Fluorouracil, Leucovorin

MICE Ifosfamide, Carboplatin, Etoposide, Mesna

MINE Mesna, Ifosfamide, Mitoxantrone, Etoposide

mini-BEAM Carmustme, Etoposide, Cytarabme, Melphalan

MOBP Bleomycin, Vincristine, Cisplatin, Mitomycin

MOP Mechlorethamine, Vincristine, Procarbazine

MOPP Mechlorethamme, Vmcnstme, Procarbazme, Predmsone

MOPP/ABV Mechlorethamme, Vmcnstme, Procarbazme, Predmsone,

Doxorubicm, Bleomycm, Vmblastme

MP (multiple myeloma) Melphalan, Predmsone

MP (prostate cancer) Mitoxantrone, Prednisone

MTX/6-M0 Methotrexate, Mercaptopurine

MTX/6-MPA/^P Methotrexate, Mercaptopurine, Vincristine, Prednisone

MTX-CDDPAdr Methotrexate, Leucovorin, Cisplatin, Doxorubicin

MV (breast cancer) Mitomycin, Vinblastine

MV (acute myelocytic

leukemia)

Mitoxantrone, Etoposide

. ,

M-VAC Methotrexate Vinblastine, Doxorubicin, Cisplatin

ivivjr iviiioinycm vmDiasune, \^ispiaun

MVPP Mechlorethamine, Vinblastine, Procarbazine, Prednisone

NFL Mitoxantrone, Fluorouracil, Leucovorin

NOVP Mitoxantrone, Vinblastine, Vincristine

OPA Vincristine, Prednisone, Doxorubicin

OPPA Add Procarbazine to OPA.

PAC Cisplatin, Doxorubicin
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PAC-I

PA^CI Cisplatin, Doxorubicin

iracniaxex, v^aruopiaiiii or x'acuxaxei, i^ispiann

PCV Lomustine, Procarbazine, Vincristine

PE Paclitaxel, Estramustine
DTTTrrL Cisplatin, Fluorouracil, Leucovorin

POC Prednisone, Vincristine, Lomustine

ProMACE Prednisone, Methotrexate, Leucovorin, Doxorubicin,

Cyclophosphamide, Etoposide

ProMACE/cytaBOM Predmsone, Doxorubicm, Cyclophosphamide, Etoposide,

Cytarabine, Bleomycin, Vincristine, Methotrexate,

Leucovorin, Cotrimoxazole

PRoMACE/MOPr Prednisone, Doxorubicin, Cyclophosphamide, Etoposide,

Mechlorethamine, Vincristine, Procarbazine, Methotrexate,

Leucovorin
T>+ATTV^rt/VM Cisplatin, Teniposide
"DAT" AJrVA Prednisone, Vincristine, Asparaginase

Jr Vr> Cisplatin, Vinblastine, Bleomycin

r VJJA Prednisone, Vincristine, Daunorubicin, Asparaginase

oJVLr Streptozocin, Mitomycin, Fluorouracil

TAD Mechlorethamine, Doxorubicin, Vinblastine, Vincristine,

Bleomycin, Etoposide, Predmsone

Paclitaxel, Cisplatin, Fluorouracil

TIP Paclitaxel, Ifosfamide, Mesna, Cisplatin

111 Methotrexate, Cytarabine, Hydrocortisone

lopo/ClX Cyclophosphamide, Topotecan, Mesna
VAB-O Cyclophosphamide, Dactinomyciu, Vinblastine, Cisplatin,

Bleomycin

VAC Vincristine, Dactinomycin, Cyclophosphamide

VACAar Vincristine, Cyclophosphamide, Doxorubicin, Dactinomycin,

Vincristine
\7 AT^VAJJ Vincristine, Doxorubicin, Dexamethasone

VAlJbl Vinblastine, Doxorubicin, Thiotepa, Flouxymesterone

VlSAlr Vincristine, Caimustine, Doxorubicin, Predmsone

vmcnstme, oarmusiine, iVLeipnaian, uyciopnospnamiae,

i^reumsone

VPV V moreiome, L/ispiaim f

V mcnsLme, wyciopnospnanuuc, L^uxurudicui, a rcujuiouiic

vmorciume, JLyoxoruuicin

V CLl V lIlUlaoLlIlv:/, v^lopidllll, JJ.UoiaIIllU.C, IVlCblld

VIP
'

Etoposide, Cisplatin, Ifosfamide, Mesna
VMV ivx IVXllUXJUy^JLU, V lUUiaollXIC

VMCP Vincristine, Melphalan, Cyclophosphamide, Prednisone

VP Etoposide, Cisplatm

V-TAD Etoposide, Thioguanine, Daunorubicin, Cytarabine

5 + 2 Cytarabine, Daunorubicin, Mitoxantrone

7 + 3 Cytarabine v^^ith/, Daunorubicin or Idarubicin or

Mitoxantrone
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"8 in 1" Methylprednisolone, Vincristine, Lomustine, Procarbazine,

Hydroxyurea, Cisplatin, Cytarabine, Dacarbazine

In addition to conventional chemotherapeutics, the compounds described herein as

capable of inducing cell death or reducing lifespan can also be used with antisense RNA,

RNAi or other polynucleotides to inhibit the expression of the cellular components that

5 contribute to xmwanted cellular proliferation that are targets of conventional chemotherapy.

Such targets are, merely to illustrate, growth factors, growth factor receptors, cell cycle

regulatory proteins, transcription factors, or signal transduction kinases.

The methods may be advantageous over combination therapies known in the art

because it allows conventional chemotherapeutic agent to exert greater eflFect at lower

10 dosage. In a preferred embodiment, the effective dose (ED50) for a chemotherapeutic

agent or combination of conventional chemotherapeutic agents when used in combination

with a compoimd described herein is at least 2 fold less than the ED50 for the

chemotherq)eutic agent alone, and even more preferably at 5 fold, 10 fold or even 25 fold

less. Conversely, the therapeutic index (TI) for such chemotherapeutic agent or

15 combination of such chemotherapeutic agent when used in combination with a compound

described herein can be at least 2 fold greater than the TI for conventional

chemotherapeutic regimen alone, and even more preferably at 5 fold, 10 fold or even 25

fold greater.

Other conibination therapies include conjoint administration with nicotinamide,

20 NAD"*" or salts thereof, or other Vitamin B3 analogs. Carnitines, such as L-camitine, may

also be co-administered, particularly for treating cerebral stroke, loss of memory, pre-

senile dementia, Alzheimer's disease or preventing or treating disorders elicted by the use

of neurotoxic drugs. Cyclooxygenase inhibitors, e.g., a COX-2 inhibitor, may also be co-

administered for treating certain conditions described herein, such as an inflammatory

25 condition or a neurologic disease.

Compositions or coformulations comprising a sirtuin activator or inhibitor and

another agent, e.g., a chemotherapeutic agent, an antiviral agent, nicotinamide, NAD"^ or

salts thereof, Vitamiu B3 analogs, retinoids, alpha-hydroxy acid, ascorbic acid, are also

encompassed herein.

30 Li certain embodiments, the subject sirtuin activators, such as SIRTl activators, do

not have any substantial ability to inhibit PD-kinase, inhibit aldoreductase and/or inhibit
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tyrosine protein kinases at concentrations (e.g., m vivo) effective for activating the

deacetylase activity of the sirtuin, e.g., SIRTl. For instance, in preferred embodiments the

sirtuin activator is chosen to have an EC50 for activating sirtuin deacetylase activity that is

at least 5 fold less tibian the EC50 for inhibition of one or more of aldoreductase and/or

5 tyrosine protein kinases, and even more preferably at least 10 fold, 100 fold or even 1000

fold less.

In certain embodiments, the subject sirtuin activators do not have any substantial

abiUty to transactivate EGFR tyrosine kinase activity at concentrations (e.g., in vivo)

effective for activating the deacetylase activity of the sirtuin. For instance, in preferred

10 embodiments the sirtuin activator is chosen to have an EC50 for activating sirtuin

deacetylase activity that is at least 5 fold less than the EC50 for transactivating EGFR

tyrosine kinase activity, and even more preferably at least 10 fold, 100 fold or even 1000

fold less.

In certain embodiments, flie subject sirtuin activators do not have any substantial

15 ability to cause coronary dilation at concentrations (e.g., in vivo) effective for activating

the deacetylase activity of the sirtuin. For instance, in preferred embodiments the sirtuin

activator is chosen to have an EC50 for activating sirtuin deacetylase activity that is at least

5 fold less than the EC50 for coronary dilation, and even more preferably at least 10 fold,

100 fold or even 1000 fold less.

20 In certain embodiments, the subject sirtuin activators do not have any substantial

spasmolytic activity at concentrations (e.g., in vivo) effective for activating the deacetylase

activity of the sirtuin. For instance, in preferred embodiments the sirtuin activator is

chosen to have an EC50 for activating sirtuin deacetylase activity that is at least 5 fold less

than the EC50 for spasmolytic effects (such as on gastrointestinal muscle), and even more

25 preferably at least 10 fold, 100 fold or even 1000 fold less.
I

In certain embodiments, the subject sirtuin activators do not have any substantial

abiUty to inhibit hepatic cytochrome P450 IBl (GYP) at concentrations (e.g., in vivo)

effective for activating the deacetylase activity of the sirtuin. For instance, in preferred

embodiments the sirtuin activator is chosen to have an EC50 for activating sirtuin

30 deacetylase activity that is at least 5 fold less than the EC50 for inhibition ofP450 IBl, and

even more preferably at least 10 fold, 100 fold or even 1000 fold less.
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In certain embodiments, the subject sirtuin activators do not have any substantial

ability to inhibit nuclear factor-kappaB (NF-fcB) at concentrations (e.g., in vivo) effective

for activating the deacetylase activity of the sirtuin. For instance, in preferred

embodiments the sirtuin activator is chosen to have an EC50 for activating sirtuin

deacetylase activity that is at least 5 fold less than the EC50 for mhibition ofNF-kB, and

even more preferably at leakt 10 fold, 100 fold or even 1000 fold less.

In certain embodiments, the subject SIRTl activators do not have any substantial

ability to activate SIRTl orthologs in lower eukaryotes, particularly yeast or human

pathogens, at concentrations (e.g., in vivo) effective for activating the deacetylase activity

ofhiiman SIRTl. For instance, m preferred embodiments the SIRTl activator is chosen to

have an EC50 for activating human SIRTl deacetylase activity that is at least 5 fold less

than the EC50 for activating yeast Sir2 (such as Candida, S. cerevisiae,Q\o\ and even more

preferably at least 10 fold, 100 fold or even 1000 fold less.

In other embodiments, the subject sirtuin activators do not have any substantial

ability to inhibit protein kinases; to phosphorylate mitogen activated protein (MAP)

kinases; to inhibit the catalytic or transcriptional activity of cyclo-oxygenases, such as

COX-2; to inhibit nitric oxide synlhase (iNOS); or to inhibit platelet adhesion to type I

collagen at concentrations (e.g., in vivo) effective for activating the deacetylase activity of

the sirtuin. For instance, in preferred embodiments, the sirtuin activator is chosen to have

an EC50 for activating sirtuin deacetylase activity that is at least 5 fold less than the EC50

for performing any of these activities, and even more preferably at least 10 fold, 100 fold

or even 1000 fold less.

In other embodiments, a compound described herein, e.g., a sirtuin activator or

inhibitor, does not have significant or detectable anti-oxidant activities, as detennined by

any of the standard assays known in the art. For example, a compound does not

significantly scavenge firee-radicals, such as O2 radicals. A compound may have less than

about 2, 3, 5, 10, 30 or 100 fold anti-oxidant activity relative to another compound, e.g.,

resveratrol.

A compound may also have a binding affinity for a sirtuin of about 10"^M, 10"^^,

10"*^M, lO'^^M or less. A compound may reduce the of a sirtuin for its substrate or

NAD* by a factor of at least about 2, 3, 4, 5, 10, 20, 30, 50 or 100. A compound may have

an EC50 for activating the deacetylase activity of a sirtuin of less than about 1 nM, less
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than about 10 nM, less than about 100 nM, less than about 1 juM, less than about 10 jL(M,

less than about 100 /iM, or from about 1-10 nM, from about 10-100 nM, from about 0.1-1

/iM, from about 1-10 [iM or from about 10-100/M. A compound may activate the

deacetylase activity of a sirtuin by a factor of at least about 5, 10, 20, 30, 50, or 100, as

5 measured in an acellular assay or in a cell based assay as described in the Examples. A
compound may cause at least a 10%, 30%, 50%, 80%, 2 fold, 5 fold, 10 fold, 50 fold or

100 fold greater induction of the deacetylase activity of SIRTl relative to the same

concentration of resveratrol or other compound described herein. A compound may also

have an EC50 for activating SIRT5 that is at least about 10 fold, 20 fold, 30 fold, 50 fold

10 greater than that for activating SIRTl.

A compound may traverse the cytoplasmic membrane of a cell. For example, a

compound may have a cell-permeabihty of at least about 20%, 50%, 75%, 80%, 90% or

95%.

Compounds described herein may also have one or more of the following

15 characteristics: the compound may be essentially non-toxic to a cell or subject; the

compound may be an organic molecule or a small molecule of2000 amu or less, 1000 amu

or less; a compound may^ have a half-life under normal atmospheric conditions of at least

about 30 days, 60 days, 120 days, 6 months or 1 year; the compound may have a half-hfe

in solution of at least about 30 days, 60 days, 120 days, 6 months or 1 year; a compound

20 may be more stable in solution than resveratrol by at least a factor of about 50%, 2 fold, 5

fold, 10 fold, 30 fold, 50 fold or 100 fold; a compoxmd may promote deacetylation of the

DNA repair factor Ku70; a compoimd may promote deacetylation of RelA/p65; a

compound may increase general turnover rates and enhance the sensitivity of cells to TNF-

induced apoptosis.

25 In other embodiments, methods described herein are applied to yeast cells.

Situations in which it may be desirable to extend the lifespan of yeast cells include any

process in which yeast is used, e.g., the making of beer, yogurt, and bakery items, e.g.,

bread. Use of yeast having an extended lifespan can result in using less yeast or in having

the yeast be active for longer periods of time. Yeast or other mammalian cells used for

30 recombinantly producing proteins may.also be treated as described herein.
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Sirtuin activators may also be used for treating or preventing viral infections, such

as infections by influenz, herpes or papillomavirus. They may also be used as antifungal

agents, anti-inflammatory agents and neuroprotective agents.

Subjects that may be treated as described herem include eukaryotes, such as

mammals, e.g., humans, ovines, bovines, equiaes, porcines, canines, feUnes, non-human

primate, mice, and rats. Cells that may be treated include eukaryotic cells, e.g., from a

subject described above, or plant cells, yeast cells and prokaryotic cells, e.g., bacterial

cells. For example, activating compounds may be administered to farm animals to

improve their ability to withstand farming conditions longer.

Compounds may also be used to increase Ufespan, stress resistance, and resistance

to apoptosis in plants. In one embodiment, a compound is applied to plants, e.g., on a

periodic basis, or to fungi. In another embodiment, plants are genetically modified to

produce a compound. In another embodiment, plants and fiuits are treated with a

compound prior to picking and shipping to increase resistance to damage during shipping.

Plant seeds may also be contacted with compounds described herein, e.g., to preverse

them.

Compounds may also be used to increase Ufespan, stress resistance and resistance

to apoptosis in insects. Iq this embodiment, compounds would be appUed to useful insects,

e.g., bees and other insects that are involved in pollination of plants. In a specific

embodiment, a compound would be applied to bees involved in the production of honey.

Gmerally, the methods described herein may be applied to any organism, e.g., eukaryote,

that may have commercial importance. For example, they can be applied to fish

(aquaculture) and birds (e.g., chicken and fowl).

Higher doses of compounds may also be used as a pesticide by mterfering with the

regulation of silenced genes and the regulation of apoptosis during development. In this

embodiment, a compound may be appUed to plants using a method known in the art that

ensures the compound is bio-available to insect larvae, and not to plants.

Activated sirtuin proteins that are in vitro outside of a cell may be used, e.g., for

deacetylatmg target proteins, thereby, e.g., activating the target proteins. Activated shtuins

may be used, e.g., for flie identification, in vitro, of previously unknown targets of sirtuin

deacetylation, for example using 2D electrophoresis of acetyl labeled proteins.
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At least in view of the link between reproduction and longevity (Longo and Finch,

Science, 2002), the compounds can be applied to affect the reproduction of organisms such

as insects, animals and microorganisms.

Inhibitory compounds may be used for similar purposes as those described herein

5 for higji concentrations of activating compounds. For example, inhibitory compounds may

be used to stimulate acetylation of substrates such as p53 and thereby increase apoptosis, as

well as to reduce the lifespan of cells and organisms and/or rendering them more sensitive

to stress. Thus, inhibitory compounds may be used, e.g., for treating cancer.

10 Pharmaceutical compositions and methods

Pharmaceutical compositions for use in accordance with the present methods may

be formulated in conventional maimer using one or more physiologically acceptable

carriers or excipients. Thus, activating compounds and their physiologically acceptable

salts and solvates may be formulated for administration by, for example, injection,

15 inhalation or insufflation (either through the mouth or the nose) or oral, buccal, parenteral

or rectal administration. In one embodiment, the compound is administered locally, at the

site where the target ceUs, e.g., diseased cells, are present, i.e., in the blood or in a joint.

Compounds can be formulated for a variety of loads of administration, including

systemic and topical or localized administration. Techniques and formulations generally

20 may be found in Remmington's Pharmaceutical Sciences, Meade Publishing Co., Easton,

PA. For systemic administration, injection is preferred, including intramuscular,

intravenous, intraperitoneal, and subcutaneous. For injection, the compoimds can be

formulated in liquid solutions, preferably in physiologically compatible buffers such as

Hank's solution or Ringer's solution. In addition, the compounds may be formulated in

25 solid form and redissolved or suspended immediately prior to use. Lyophilized forms are

also included.

For oral administration, the pharmaceutical compositions may take the form of, for

example, tablets, lozanges, or capsules prepared by conventional means with

pharmaceutically acceptable excipients such as binding agents (e.g., pregelatinised maize

30 starch, polyvinylpyrrolidone or hydroxypropyl methylcellulosd); fillers (e.g., lactose,

microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium

stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or
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wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well

known in the art. Liquid preparations for oral administration may take the form of, for

example, solutions, syrups or suspensions, or they may be presented as a dry product for

constitution with water or other suitable vehicle before use. Such Uquid preparations may

5 be prepared by conventional means with phaimaceutically acceptable additives such as

suspending agents (e.g., sorbitol syrup, ceUulose derivatives or hydrogenated edible fats);

emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., ationd oil, oily

esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or

propyl-p-hydroxybenzoates or sorbic acild). The preparations may also contain buffer salts,

10 flavoring, coloring and sweetening agents as appropriate. Preparations for oral

administration may be suitably formulated to give controUed release of the active

compound.

For administration by inhalatioK the compounds may be conveniently delivered in

the form of an aerosol spray presentation from pressurized packs or a nebuUser, with the

15 use of a suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,

dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurized

aerosol the dosage unit may be determined by providing a valve to deUver a metered

amount Capsules and cartridges of e.g., gelatin, for use in an inhaler or insufflator may be

formulated containing a powder mix of the compound and a suitable powder base such as

20 lactose or starch.

The compounds may be formulated for parenteral administration by injection, e.g.,

by bolus injection or continuous infusion. Formulations for injection may be presented in

unit dosage form, e.g., in ampoules or in multi-dose containers, with an added preservative.

The compositions may take such forms as suspensions, solutions or emulsions in oily or

25 aqueous vehicles, and may contain formulatory agents such as suspending, stabilizing

and/or dispersing agents. Alternatively, the active ingredient may be in powder form for

constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

The compounds may also be formulated in rectal compositions such as suppositories

or retention enemas, e.g., containing conventional suppository bases such as cocoa butter or

30 other glycerides.

In addition to the formulations described previously, the compounds may also be

formulated as a depot preparation. Such long acting formulations may be administered by
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implantation (for example subcutaneously or intramuscularly) or by intramuscular injection.

Thus, for example, the compounds may be formulated with suitable polymeric or

hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange

resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt.

5 Pharmaceutical compositions (includiag cosmetic preparations) may comprise from

about 0.00001 to 100% such as from 0.001 to 10% or from 0,1% to 5% by weight of one

or more compounds described herein.

In one embodiment, a compound described herein, is incorporated into a topical

formulation containing a topical carrier that is generally suited to topical drug

10 administration and comprising any such material known in the art. The topical carrier may

be selected so as to provide the composition in the desired form, e.g., as an ointment,

lotion, cream, microemulsion, gel, oil, solution, or the like, and may be comprised of a

material of either naturally occurring or synthetic origin. It is preferable that the selected

carrier not adversely affect the active agent or other components of the topical formulation.

15 Examples of suitable topical carriers for use herein include water, alcohols and other

nontoxic organic solvents, glycerin, mineral oil, silicone, petroleum jelly, lanolin, fatty

acids, vegetable oils, parabens, waxes, and the like.

Formulations may be colorless, odorless ointments, lotions, creams,

microemulsions and gels.

20 Compounds may be incorporated into ointments, which generally are semisolid

preparations which are typically based on petrolatum or other petroleum derivatives. The

specific ointment base to be used, as will be appreciated by those skilled in the art, is one

that will provide for optimum drug delivery, and, preferably, will provide for other desired

characteristics as well, e.g., emolliency or the like. As with other carriers or vehicles, an

25 ointment base should be inert, stable, nordrritating and nonsensitizing. As explained in

Remington *s, cited in the preceding section, ointment bases may be grouped in four

classes: oleaginous bases; emulsifiable bases; emulsion bases; and water-soluble bases.

Oleaginous ointment bases include, for example, vegetable oils, fats obtained from

animals, and semisolid hydrocarbons obtained from petroleum. Emulsifiable ointment

30 bases, also known as absorbent ointment bases, contain little or no water and include, for

example, hydroxystearin sulfate, anhydrous lanolin and hydrophilic petrolatum. Emulsion

ointment bases are either water-in-oil (W/0) emulsions or oil-in-water (0/W) emulsions.
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and include, for example, cetyl alcohol, glyceryl monostearate, lanolin and stearic acid.

Exemplary water-soluble ointment bases are prepared from polyethylene glycols (PEGs)

of varying molecular weight; again, reference may be had to Remington's, supra^ for

further information.

5 Compounds may be incorporated into lotions, which generally are preparations to

be appUed to the skin surface without friction, and are typically liquid or semiliquid

preparations in which soHd particles, including the active agent, are present in a water or

alcohol base. Lotions are usually suspensions of soHds, and may comprise a hquid oily

emulsion of the oil-in-water type. Lotions are preferred formulations for treatuag large

10 body areas, because of the ease of applying a more fluid composition. It is generally

necessary that the insoluble matter in a lotion be finely divided. Lotions will typically

contain suspending agents to produce better dispersions as well as compounds useful for

localizing and holding the active agent in contact with the skin, e.g., methylcellulose,

sodium carboxymethylcellulose, or the hke. An exemplary lotion formulation for use in

15 conjunction with the present method contains propylene glycol mixed with a hydrophiUc

petrolatum such as that which may be obtained under the trademark Aquaphor*^™ from

Beiersdorf, toe. (Norwalk, Conn.).

Compounds may be incorporated into creams, which generally are viscous liquid or

semisolid emulsions, either oil-in-water or water-in-oil. Cream bases are water-washable,

20 and contain an oil phase, an emulsifier and an aqueous phase. The oil phase is generally

comprised of petrolatum and a fatty alcohol such as cetyl or stearyl alcohol; the aqueous

phase usually, although not necessarily, exceeds the oil phase in volume, and generally

contains a humectant. The emulsifier in a cream formulation, as explained in Remington *s,

supra^ is generally a nonionic, anionic, cationic or amphoteric surfactant.

25 Compoimds may be incorporated into microemulsions, which generally are

thermodynamically stable, isotropically clear dispersions of two immiscible liqmds, such

as oil and water, stabilized by an interfacial film of surfactant molecules (Encyclopedia of

Pharmaceutical Technology O^ew York: Marcel Dekker, 1992), volume 9). For the

preparation ofmicroemulsions, surfactant (emulsifier), co-surfactant (co-emulsifier), an oil

30 phase and a water phase are necessary. Suitable surfactants include any surfactants that are

usefiil in the preparation of emulsions, e.g., emulsifiers that are typically used in the

preparation of creams. The co-surfactant (or "co-emulsifer") is generally selected from the

group of polyglycerol derivatives, glycerol derivatives and fatty alcohols. Preferred
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emulsifier/co-emulsifier combinations are generally although not necessarily selected from

the group consisting of: glyceryl monostearate and polyoxyethylene stearate; polyethylene

glycol and ethylene glycol pahnitostearate; and capriUc and capric triglycerides and oleoyl

macrogolglycerides. The water phase includes not only water but also, typically, buffers,

5 glucose, propylene glycol, polyethylene glycols, preferably lower molecular weight

polyethylene glycols (e.g., PEG 300 and PEG 400), and/or glycerol, and the Uke, while the

oil phase will generally comprise, for example, fatty acid esters, modified vegetable oils,

silicone oils, mixtures of mono- di- and triglycerides, mono- and di-esters of PEG (e.g.,

oleoyl macrogol glycerides), etc.

10 Compounds may be incorporated into gel formulations, which generally are

semisoUd systems consisting of either suspensions made up of small inorganic particles

(two-phase systems) or large organic molecules distributed substantially uniformly

throughout a carrier liquid (single phase gels). Single phase gels can be made, for example,

by combining tlie active agent, a carrier liquid and a suitable gelling agent such as

15 tragacanth (at 2 to 5%), sodium alginate (at 2-10%), gelatin (at 2-15%), methylcellulose (at

3-5%), sodium carboxymethylcellulose (at 2-5%), carbomer (at 0.3-5%) or polyvinyl

alcohol (at 10-20%) together and mixing until a characteristic semisohd product is

produced. Other suitable gelling agents include methylhydroxycellulose, polyoxyethylene-

polyoxypropylene, hydroxyethylcellulose and gelatin. Although gels commonly employ

20 aqueous carrier liquid, alcohols and oils can be used as the earner Uquid as well.

Various additives, known to those skilled in the art, may be included in

formulations, e.g., topical formulations. Examples of additives include, but are not limited

to, solubilizers, skin permeation enhancers, opacifiers, preservatives (e.g., anti-oxidants),

gelling agents, buffering agents, surfactants (particularly nonionic and amphoteric

25 surfactants), emulsifiers, emolUents, thickening agents, stabilizers, humectants, colorants,

fragrance, and the like. Inclusion of solubilizers and/or skin permeation eiihancers is

particularly preferred, along with emulsifiers, emollients and preservatives. An optimum

topical formulation comprises approximately: 2 wt. % to 60 wt. %, preferably 2 wt. % to

50 wt. %, solubilizer and/or skin permeation enhancer; 2 wt. % to 50 wt. %, preferably 2

30 wt % to 20 wt. %, emulsifiers; 2 wt. % to 20 wt. % emoUient; and 0.01 to 0.2 wt. %
preservative, with the active agent and carrier (e.g., water) making of the remainder of the

formulation.
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A skin permeation enhancer serves to faciUtate passage of therapeutic levels of

active agent to pass through a reasonably sized area of unbroken skin. Suitable enhancers

are well known in the art and include, for example: lower alkanols such as methanol

ethanol and 2-propanol; alkyl methyl sulfoxides such as dimethylsulfoxide (DMSO),

5 decyhnethylsulfoxide (C.sub.lO MSO) and tetradecyhnethyl sulfboxide; pynoUdones such

as 2-pyrrohdone, N-methyl-2-pyrroUdone and N-(-hydroxyethyl)pyiroUdone; urea; N,N-

diethyl-m-toluamide; C.sub.2 -C.sub.6 alkanediols; miscellaneous solvents such as

dimethyl formamide (DMF), N,N-dimethylacetamide (DMA) and tetrahydrofiarfiiryl

alcohol- and the 1-substituted azacycloheptan-2-ones, particularly 1-n-

10 dodecylcyclazacycloheptan-2-one (laurocapram; available under the trademark Azone

from Whitby Research Incorporated. Richmond, Va.).

Examples of solubiUzers include, but are not hmited to, the following: hydrophiUc

ethers such as diethylene glycol monoethyl ether (ethoxydiglycol, available commercially

as Transcutol^™) and diethylene glycol monoethyl ether oleate (available commercially as

15 Soflcutol^™); polyethylene castor oil derivatives such as polyoxy 35 castor oil, polyoxy

40 hydrogenated castor oil, etc.; polyethylene glycol, particularly lower molecular weight

polyethylene glycols such as PEG 300 and PEG 400, and polyethylene glycol derivatives

such as PEG-8 capryUc/capric glycerides (available commercially as Labrasol^™); alkyl

methyl sulfoxides such as DMSO; pyrroUdones such as 2-pyrrolidone and N-raethyl-2-

20 pyrrolidone; and DMA Many solubiUzers can also act as absorption enhancers. A single

solubiUzer may be incorporated into the formulation, or a mixture of solubiUzers may be

incorporated therein.

Suitable emulsifiers and co-emulsifiers include, without limitation, those

emulsifiers and co-emulsifiers described with respect to microemulsion formulations.

25 EmolUents include, for example, propylene glycol, glycerol, isopropyl myristate,

polypropylene glycol-2 (PPG-2) myristyl ether propionate, and the Uke.

f

Other active agents may also be included in formulations, e.g., other anti-

inflammatory agents, analgesics, antimicrobial agents, antifungal agents, antibiotics,

vitamins, antioxidants, and sunblock agents commonly found in sunscreen formulations

30 including, but not limited to, anthranilates, benzophenones (particularly benzophenone-3),

camphor derivatives, cinnamates (e.g., octyl methoxycinnamate), dibenzoyl methanes

(e.g., butyl metiioxydibenzoyl methane), p-aminobenzoic acid (PABA) and derivatives

thereof, and saUcylates (e.g., octyl saUcylate).
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In certain topical formulations, the active agent is present in an amount in the range

of approximately 0.25 wt. % to 75 wt. % of the formulation, preferably in the range of

approximately 0.25 wt. % to 30 wt. % of the formulation, more preferably in the range of

approximately 0.5 wt. % to 15 wt. % of the formulation, and most preferably in the range

5 of approximately 1 .0 wt. % to 10 wt. % ofthe formulation.

Topical skin treatment compositions can be packaged in a suitable container to suit

its viscosity and intended use by the consumer. For example, a lotion or cream can be

packaged in a bottle or a roll-ball applicator, or a propellant-driven aerosol device or a

container ^fitted with a pump suitable for fmger operation. When the composition is a

10 cream, it can simply be stored in a non-defoimable bottle or squeeze container, such as a

tube or a hdded jar. The composition may also be included in capsules such as those

described in U.S. Pat. No. 5,063,507. Accordingly, also provided are closed containers

containing a cosmetically acceptable composition as herein defined.

Li an altemative embodiment, a pharmaceutical formulation is provided for oral or

15 parenteral administration, in which case the formulation may comprises an activating

compound-containing microemulsion as described above, but may contain altemative

pharmaceutically acceptable earners, vehicles, additives, etc. particularly suited to oral or

parenteral drug administration. Altematively, an activating compound-containing

microemulsion may be administered orally or parenterally substantially as described

20 above, without modification.

Phospholipids complexes, e.g., resveratrol-phospholipid complexes, and their

,

preparation are described in US20041 16386. Methods for stabiUzing active components

using polyol/polymer microcapsules, and their preparation are described in

US20040108608. Processes for dissolving lipophiUc compounds in aqueous solution with

25 amphiphilic block copolymers are described inWO 04/035013.

Conditions of the eye can be treated or prevented by, e.g., systemic, topical,

intraocular injection of a compound described herein, or by insertion of a sustained release

device that releases a compound described herein.

Compounds described herehi may be stored ia oxygen firee environment according

30 to methods in the art. For example, resveratrol or analog thereof can be prepared in an

airtight capusule for oral administration, such as Capsugel from Pfizer, Inc.
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Cells, e.g., treated ex vivo with a compound described herein, can be administered

according to methods for administering a graft to a subject, which may be accompanied,

e.g., by administration of an immunosuppressant drug, e.g., cyclosporin A. For general

principles in medicinal formulation, the reader is referred to Cell Therapy: Stem Cell

5 Transplantation, Gene Therapy, and Cellular Immunotherapy, by G. Morstyn & W.

,
Sheridan eds, Cambridge University Press, 1996; and Hematopoietic Stem Cell Therapy,

E. D. Ball, J. Lister & P. Law, Churchill Livingstone, 2000.

Toxicity and therapeutic efficacy of compounds can be determined by standard

pharmaceutical procedures in cell cultures or experimental animals. The LDso is the dose

10 lethal to 50% of the population). The EDso is the dose therapeutically effective in 50% of

the population. The dose ratio between toxic and therapeutic effects (LD50/ED50) is the

therapeutic index. Compounds that exhibit large therapeutic indexes are preferred. While

compounds that exhibit toxic side effects may be used, care should be taken to design a

delivery system that targets such compounds to the site of affected tissue in order to

15 ixiinimize potential damage to uninfected cells and, thereby, reduce side effects.

The data obtained from the cell culture assays and animal studies can be used in

formulating a range of dosage for use in humans. The dosage of such compounds may lie

within a range of circulating concentrations that include the EDso with little or no toxicity.

The dosage may vary within this range dq)ending upon the dosage form employed and the

20 route of administration utilized. For any compound, the therapeutically effective dose can

be estimated initially from cell culture assays. A dose may be formulated in animal

models to achieve a circulating plasma concentration range that includes the ICso (i.e., the

concentration of the test compound that achieves a half-maximal inhibition of symptoms)

as determined in cell culture. Such information can be used to more accurately determine

25 useful doses in humans. Levels in plasma may be measured, for example, by high

pCTformance liquid chromatography.

Kits

Also provided herein are kits, e.g., kits for therapeutic purposes or kits for

30 modulating the lifespan of cells or modulating apoptosis. A kit may comprise one or more

activating or inhibitory compounds described herein, e.g., in premeasured doses. A kit

may optionally comprise devices for contacting cells with the compounds and instructions
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for use. Devices include syringes, stents and other devices for introducing a compound

into a subject or applying it to the skin of a subject

The present description is further illustrated by the following examples, which

5 should not be construed as limiting in any way. The contents of all cited references

(including literature references, issued patents, published patent appUcations as cited

throughout this application) are hereby expressly incorporated by reference.

The practice of the present methods will employ, unless otherwise indicated,

conventional techniques of cell biology, cell culture, molecular biolbgy, transgenic biology,

10 microbiology, recombinant DNA, and immunology, which are within the skill of the art.

Such techniques are explained fully in the literature. See, for example. Molecular

CloningA Laboratory Manual, Ed., ed. by Sambrook, Fritsch and Maniatis (Cold

Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and n (D. N. Glover ed.,

1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); MuUis et al. U.S. Patent No:

15 4,683,195; Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984);

\ Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture OfAnimal

Cells (R. L Freshney, Alan R. Liss, Inc., 1987); ImmobiUzed Cells And Enzymes (IRL

Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984); the treatise,

Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For

20 Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor

Laboratory); Methods In Enzymology, Vols. 154 and 155 (Wu et al. eds.).

Immunochemical Methods In Cell And Molecxilar Biology (Mayer and Walker, eds.,

Academic Press, London, 1987); Handbook Of Experimental Immunology, Volumes I-IV

(D. M. Weir and C. C. Blackwell, eds., 1986); Manipulating the Mouse Embryo, (Cold

25 Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986).

Examples

Example 1 : Small molecule activators of SIRTl

To identify compounds that modulate SIRTl activity, we screened a number of

30 small molecule libraries using a fluorescent deacetylation assay in 96-well plates^^. The

substrate used in the assay was a fluorogenic peptide based on the sequence encompassing
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the p53-K382 acetylation site, a known target of SIRTl in vzW^*^^'^^ This substrate was

preferred over a variety of other fluorogenic peptide substrates that were based on other

known HDAC targets (Fig. 5). The small molecule libraries included analogues of

nicotinamide, 6-acetyl lysine, NAD"^, nucleotides, nucleotide analogues and purinergic

5 Ugands. From the initial screen, several sirtuin inhibitors were found (Supplementary Table

7). However, the most striking outcome was the identification ' of two compounds,

quercetin and piceatannol, that stimulated SIRTl activity five and eight-fold, respectively

(Table 1). Both quercetin and piceatannol have been previously identified as protein kinase

inhibitors^^*^^.
,

10 Comparison of the structures of the two activating compounds suggested a possible

structure-activity relationship. Piceatannol comprises two phenyl groups trans to one

another across a linking ethylene moiety. The trans-stilbene ring structures of piceatannol

are superimposable on the flavonoid A and B rings of quercetin, with the ether oxygen and

carbon-2 of the C ring aligning with the ethylene carbons in piceatannol (see structures,

15 Table 1). Further, the 5, 7, 3' and 4' hydroxyl group positions in quercetin can be aUgned,

respectively, with the 3,5,3' and 4' hydroxyls ofpiceatannol.

Given the demonstrated longevity-eiihancing effects of sirtuin activity in S.

cerevisiae^ and C. elegans^^, it was naturally of interest to fiirther explore the structure-

activity relationship among compounds that stimulate SIRTl. Both quercetin and

20 piceatannol are polyphenols, members of a large and diverse group of plant secondary

metabolites that includes flavones, stilbenes, flavanones, isoflavones, catechins (flavan-3-

ols), chalcones, tannins and anthocyanidins^^'^^ Polyphenols noteworthy with respect to

potential longevity-enhancing effects include resveratrol, a stilbene found in red wine and

epigallocatechin gallate (EGCG) from green tea. Both have been suggested on the basis of

25 epidemiological and mechanistic investigations to exert cancer chemopreventive and

cardioprotective effects^^'^^. We therefore performed a secondary screen encompassing

resveratrol, EGCG and additional representatives firom a number of the polyphenol classes

listed above. The screen emphasized flavones due to the great number ofhydroxyl position

variants available in this group^^ The results of this screen are summarized in

30 Supplementary Tables 1-6. In the tables, a '*ratio to control rate" above 1 indicates that a

compound with such a rate is an activator of the sirtuin tested and a number under 1

indicates that a compound is an inhibitor.



wo 2005/002555

145

PCT/US2004/U21479

Additional potent SIRTl activators were found among the stilbenes, chalcones and

flavones (Table 1, Supplementary Tables 1 and 2). The six most active flavones had 3' and

4' hydroxyls (Supplementary Table 2), although it should be noted that the most active

compound overall, resveratrol (3,5,4'-trihydroxystilbene), was more active than

5 piceatannol, which differs only by its additional 3'-hydroxyl (Table 1). The importance of

the 4'-hydroxyl to activity is underscored by the fact that each of the 12 most stimulatory

flavones share this feature (Supplementary Tables 1 and 2).

Many, but not all of the most active compounds include hydroxyls in the two meta

positions (e.g. 5,7-dihydroxylated flavones) of the ring (A ring), trans to that with the 4' or

10 3 ',4' pattem (B ring, see Table 1, Supplementary Tables 1 and 2). A potentially coplanar

orientation of the trans phenyl rings may be important for activity since catechins and

flavanones, which lack the 2,3 double-bond, have weak activity despite having equivalent

hydroxylation patterns to various stimulatory flavones (compare Supplementary Tables 2

and 3 with 4 and 5). The absence of activity in the isoflavone genistein, although

15 hydroxylated in an equivalent way to the stimulatory compounds apigenin and resveratrol

(see Supplementary Tables 1, 2 and 4), is consistent with the idea that the trans positioning

and spacing ofthe hydroxylated rings contributes strongly to activity.

The biological effects of polyphenols are frequently attributed to antioxidant, metal

ion chelating and/or free-radical scavenging activit/^*^^. We considered the possibility that

20 the apparent polyphenol stimulation of SIRTl might simply represent the repair of

oxidative and/or metal-ion induced damage incurred during preparation of the recombinant

protein. Two features of our results argue against this being the case. First, a variety of

free-radical protective compoimds, including antioxidants, chelators and radical scavengers,

failed to stimulate SIRTl (see Supplementary Table 6.). Second, among various

25 polyphenols of equivalent antioxidant capacity we observed diverse SIRTl stimulating

activity (e.g. compare resveratrol, quercetin and the epicatechins in Supplementary Tables

1, 2 and 5 and see ^^).

Example 2: ResveratroPs effects on SIRTl kinetics

30 Detailed enzyme kinetic investigations were performed using the most potent

activator, resveratrol. Dose-response experiments performed under the conditions of the

polyphenol screening assays (25 ^iM NAD"**, 25 jxM p53-382 acetylated peptide), showed
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that the activating effect doubled the rate at -11 ^M and was essentially saturated at 100

[iM resveratrol (Fig. la). Initial enzyme rates, in the presence or absence of 100 nM

resveratrol, were determined either as a fimction of acetyl-peptide concentration with high

NAD"" (3 mM NAD"", Fig. lb) or as a function of NAD* concentration with high acetyl-

peptide (1 mM p53-382 acetylated peptide, Fig. Ic). Although resveratrol had no

significant effect on the two V^ax detenninations (Figs, lb, Ic), it had pronounced effects

on the two apparent KmS. Its effect on the acetylated peptide Km was particularly striking,

amounting to a 35-fold decrease (Fig. lb). Resveratrol also lowered the K„ for NAD* over

5-fold (Fig. ic). Since resveratrol acts only on K^, it could be classified as an aUosteric

effector of 'K system' type^'*. This can imply that only the substrate binding afBnity of the

enzyme has been altered, rather than a rate-limiting catalytic step.

Our previous kinetic analysis of SIRTl and Sir2^* and our genetic analysis of Sir2's

role in yeast lifespan extension*"^^ have implicated nicotinamide (a product of the sirtuin

reaction) as a physiologically important inhibitor ofsirtuin activity. .Therefore the effects of

resveratrol on nicotinamide inhibition were tested. In experiments similar to those of Figs,

lb and Ic, kinetic constants in the presence of 50 \tM. nicotinamide were determined either

by varying the concentration ofNAD* or that of the p53-382 acetylated peptide (Fig. Id).

Nicotinamide, in contrast to resveratrol, affects the SIRTl Y^mx (note 30% and 36% Vmax

decreases in absence of resveratrol. Fig. Id and see ref.^. In the presence of 50

nicotinamide, resveratrol appears to have complex, concentration-dependent effects on the

kinetics of SIRTl (Fig. Id). Apparent K„, for NAD* and acetylated substrate ^pear to

actually be raised by 5 jiM resveratrol when nicotinamide is present. At 20 and 100 [iM, in

the presence of 50 \iM nicotinamide, resveratrol lowers the for botii NAD* and

acetylated peptide, without reversing the nicotinamide-induced Vmax decrease. It has been

proposed that sirtuins may bind nicotinamide at a second site, known as "the C pocket",

distinct from the "B" site that interacts with the nicotinamide moiety ofNAD* In light of

this potential complexity, fiirther kinetic studies, supplemented by

structural/crystaUbgraphic information, will likely be necessary to fiiUy elucidate the

interplay between the effects ofnicotinamide and polyphenols. '

Examples: Activatiiig compounds extend veast lifespan
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To investigate whether these compounds could stimulate sirtuins in vivo, we utilized

S. cerevisiae, an organism in which the upstream regulators and downstream targets of Sir2

are relatively well understood. A resveratrol dose-response study of Sir2 deacetylation

rates (Fig. 2a) indeed reveals that resveratrol stimulates Sir2 in vitro, with the optimum

5 concentration of activator being 2- 5 jiM. Levels of activation were somewhat lower than

those for SIRTl, and unlike SIRTl, inhibition was seen at concentrations greater than --100

Resveratrol and four other potent sirtuin activators, representatives of the stilbene,

flavone, and chalcone families, were tested foi: their effect on yeast lifespan. Due to the

10 potential impediment by the yeast cell wall or plasma membrane and suspected slow

oxidation of the compound in the medium, we chose to use a concentration (10 nM)

slightly higher than the optimal resveratrol concentration in vitro. As shown in Fig. 2b,

quercetin and piceatannol had no significant effect on Ufespan. In contrast, butein, fisetin

and resveratrol increased average Ufespan by 31, 55 and 70%, respectively,, and all three

15 significantly increased maximum Ufespan (Fig. 2c). Concentrations of resveratrol higher

than 10 |LiM provided no added lifespan benefit and there was no lasting effect of the

compound on the Ufespan ofpre-treated yoimg cells (Fig. 2d and data not shown).

For subsequent yeast genetic experiments we focused on resveratrol because it was

the most potent SIRTl activator and provided the greatest Ufespan extension. Glucose

20 restriction, a form of CR in yeast, resulted in no significant extension of the long-Uved

resveratrol-treated cells (Fig. 3a), indicating that resveratrol likely acts via the same

pathway as CR. Consistent with this, resveratrol had no efGect on the Ufespan of a sir2 null

mutant (Fig. 3b). Given that resveratrol is reported to have fiingicidal properties at high

concentrations^^ and that mild stress can exteaid yeast Ufespan by activating PNCl^, it was

25 plausible that resveratrol was extending lifespan by inducing PNCl, rather than acting on

Sir2 directly. However, resveratrol extended the Ufespan of a pncl null mutant nearly as

well as it did wild type cells (Fig. 3b). Together these data show that resveratrol acts

downstream of PNCl and requires SIR2 for its effect. Thus, the simplest explanation for

our observations is that resveratrol increases lifespan by directly stimulating Sir2 activity.

30 A major cause of yeast aging is thougjit to stem fi-om the inherent instabiUty of the

repetitive rDNA locus^*^'^^"^^. Homologous recombination between rDNA repeats can

generate an extrachromosomal circular form of rDNA (ERC) that is repUcated until it

reaches toxic levels in old ceUs. Sir2 is thought to extend Ufespan by suppressing
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recombination at the replication fork barrier of rDNA"^^. Consistent with the lifespan

extension we observed for resveratrol, this compound reduced the frequency of rDNA

recombination by -60% (Fig. 3c), in a fiZR2-dependent manner (Fig. 3d). In the presence of

tiie Sir2 inhibitor nicotinamide, recombination was also decreased by resveratrol (Fig. 3c),

in agreement with the kinetic data (see Fig. Id). Interestingly, we found that resveratrol and

other sirtuin activators had only minor effects on rDNA silencing (Fig. 3e and f). Work is

underway to elucidate how these various compounds can differentially affect rDNA

stability and silencing.

Another measure of lifespan in S. cerevisiae is the length oftime cells can survive in

a metabolically active but nutrient deprived state. Aging under these conditions (i.e.

chronological agmg) is primarily due to oxidative damage'^^ Resveratrol (10 |iM or 100

^M) failed to extend chronological lifespan (not shown), indicating that the sirtuin-

stimulatory effect of resveratrol may be more relevant in vivo than its antioxidant

activity^^^^
.

Example 4: Effects of activators in human cells

To test whetiier these compounds could stimulate human SIRTl in vivo, we first

employed a cellular deacetylase assay that we had developed. A schematic of the assay

procedure is depicted in Fig. 4a. Cells are mcubated with media containing the fluorogenic

6-acetyl-lysine substrate, Tluor de Lys* (FdL). This substrate, neutral when acetylated,

becomes positively charged upon deacetylation and accumulates within cells (see Fig. 6a).

Lysis of the cells and addition of the non-cell-permeable ^Developer* reagent releases a

fluorophor specifically from tiiose substrate molecules that have been deacetylated (Fig. 4a

and see Methods). With HeLa cells growing adherently, 5-10% of the signal produced in

this assay is insensitive to 1 fiM trichostatin A (TSA), a potent inhibitor of class I and n

HDACs but not sirtuins (class m)'^^ (Figs. 6b and 6c).

A selection of SIRTl-stimulatory and non-stimulatory polyphenols were tested for

flieir effects on this TSA-insensitive signal (Fig. 4b). Cellular deacetylation signals in the

presence of each compound (y-axis. Fig. 4b) were plotted against their fold-stimulations of

SIRTl in vitro (x-axis, Fig. 4b, data from Supplementary Tables 1-3). For most of the

compounds, the in vitro activity roughly corresponded to the cellular signal. Compounds

with little or no in vitro activity clustered around the negative control (Group A, Fig. 4b).
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Another grouping, of strong in vitro activators is clearly distanced from the low activity

cluster in both dimensions (Group B, Fig. 4b). A notable outUer was butein, a potent

activator of SIRTl in vitro which had no effect on the cellular signal. With allowances for

possible variation among these compounds in properties unrelated to direct sirtuin

5 stimulation, such as cell-permeability and rates of metabolism, these data are consistent

with the idea that certain polyphenols can activate native sirtuins in vivo.

One known target of SIRTl in vivo is lysine 382 of p53. Deacetylation of this

residue by SIRTl decreases the activity and half-life of p53^*^'^^'^''. To follow the

acetylation status of K382 we generated a rabbit polyclonal antibody that recognizes the

10 acetylated form of K382 (Ac-K382) on Western blots of whole cell lysates. As a control

we showed that the signal was specifically detected in extracts from cells exposed to

ionizing radiation (Fig. 4c), but not in extracts from cells lackiag p53 or where arginine had

been substituted for lysine 382 (data not shown). U20S osteosarcoma cells were pre-

treated for 4 hours with resveratrol (0.5 and 50 \iM) and exposed to UV radiation. We

15 consistently observed a marked decrease in the level ofAc-K382 in the presence of 0.5 \iM

resveratrol, compared to untreated cells (Fig. 4d). At higher concentrations of resveratrol

(>50 \iM) the effect was reversed (Fig. 4d and data not shown), consistent with previous

reports of increased p53 activity at such concentrations'*^. The ability of low concentrations

of resveratrol to promote deacetylation of p53 was diminished in cells expressing a

20 dominant-negative SIRTl allele (H363Y) (Fig. 4e), demonstrating that SIRTl is necessary

for this effect. This biphasic dose-response of resveratrol could explain the dichotomy in

the literature regarding the effects ofresveratrol on cell survival^^*'*^''*^.

Thus, we have discovered the first known class of small molecule sfrtuin activators,

all of which are plant polyphenols. These compounds can dramatically stimulate sirtuin

25 activity in vitro and promote effects consistent with increased sirtuin activity in vivo. Jn

human cells, resveratrol promotes SIRTl-mediated p53 deacetylation of K382. In yeast,

the effect of resveratrol on Ufespan is as great as any longevity-promoting genetic

manipulation^ and has been linked convincingly to the direct activation of Sir2. The

correlation between lifespan and rDNA recombination, but not silencing, adds to the body

30 ofevidence that yeast aging is due to DNA instability^'^'^^*^^ not gene dysregulation"*^.

How can we explain the activation ofthe yeast and human sirtuins by so many plant

metabolites? Sirtuins have been found in diverse eukaryotes, including fimgi, protozoans,

metazoans and plants^^'^^, and likely evolved early in life's history^ Plants are known to
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produce a variety of polyphenols, including resveratrol, in response to stresses such as

dehydration, nutrient deprivation, UV radiation and pathogens"^^'"^^. Therefore it is plausible

that these compounds may be synthesized to regulate a sirtuin-mediated plant stress

response. This would be consistent with the recently discovered relationship between

environmental stress and Sir2 activity in yeast^ Perhaps these compounds have stimulatory

activity on sirtuins from fungi and animals because they mimic an endogenous activator, as

is the case for the opiates/endorphins, cannabiaols/endocannabinoids and various

polyphenols with estrogen-like activity^*^'^^ Altematively, animal and fungal sirtuins may

have retained or developed an ability to respond to these plant metabolites because they are

a useful indicator of a deteriorating environment and/or food supply.

Example 5: Materials and Methods for Examples 1-4

Compound libraries and deacetvlation assays

His6-tagged recombinant SIRTl and GST-tagged recombinant Sir2 were prepared

as previously described^^ From 0.1 to 1 ^ig of SRTl and 1.5 ng of Sir2 were used per

deacetylation assay (in 50 jil total reaction) as previously described^^ SIRTl assays and

certain of those for Sir2 employed the p53-382 acetylated substrate (Tluor de Lys-SIRTr,

BIOMOL) rather than FdL.

Themed compound libraries (BIOMOL) were used for primary and secondary

screening. Most polyphenol compounds were dissolved at 10 mM in dimefliylsulfoxide

(DMSG) on the day of the assay. For water soluble compounds and negative controls, 1%

v/v DMSO was added to the assay. In vitro fluorescence assay results were read in white

1/2-volume 96-well microplates (Coming Costar 3693) with a CytoFluor™II fluorescence

plate reader (PerSeptive Biosystems, Ex. 360 nm, Em. 460 nm, gain = 85). HeLa cells were

grown and the cellular deacetylation assays were performed and read, as above, but in full-

volume 96-well microplates (Coming Costar 3595). Unless otherwise indicated all initial

rate measurraients were means of three or more replicates, obtained with single incubation

times, at which point 5% or less of the substrate initially present had been deacetylated.

Calculation ofnet fluorescence increases included subtraction of a blank value, which in the

case of Sir2 was obtained by omitting the enzyme from the reaction and in the case of

SIRTl by adding an inhibitor (200 |iM suramin or 1 mM nicotinamide) to the reaction prior

to the acetylated substrate. A number of the polyphenols partially quenched the
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fluorescence produced in the assay and correction factors were obtained by determining the

fluorescence increase due to a 3 |iiM spike of an FdL deacetylated standard (BIOMOL,

catalog number KI -142). All error bars represent the standard error ofthe mean.

Media and Strains

5 All yeast strains were grown at 30°C in complete yeast extract/bactopeptone, 2.0%

(w/v) glucose (YPD) medium except where stated otherwise. Calorie restriction was

induced in 0.5% glucose. Synthetic complete (SC) mediimi consisted of 1.67% yeast

nitrogen base, 2% glucose, 40 mg/Utre each of auxotrophic markers. SIR2 was integrated in

extra copy and disrupted as described^. Other strains are described elsewhere^^. For cellular

10 deacetylation assays, HeLa S3 cells were used. U20S osteosarcoma and human embryonic

kidney (HEK 293) cells were cultured adherently in Dulbecco's Modified Eagle's Medium

(DMEM) containing 10% fetal calf serum (PCS) with 1.0% glutamine and 1.0%

penecillin/streptomycin. HEK 293 overexpressing dominant negative SIRTl H363Y was a

gift ofR. Frye (U. Pittsburgh).

15 Lifespan determinations

Lifespan measurements were performed using PSY316AT MATa as previously

described^^. All compounds for hfespan analyses were dissolved in 95% ethanol and plates

were dried and used within 24 hours. Prior to Ufespan analysis, cells were pre-incubated on

their respective media for at least 15 hours. Following transfer to a new plate, cells were

20 equilibrated on the medium for a minimum of4 hours prior to micro-manipulating them. At

least 30 cells were examined per experiment and each experiment was performed at least

twice. Statistical significance of lifespan differences was determined using the Wilcoxon

rank sum test. Differences are stated to be significant when the confidence is higher than

95%.

25 Silencing and recombination assays

Ribosomal DNA silencing assays using the URA3 reporters were performed as

previously described^^. Ribosomal DNA recombination frequencies were determined by

plating W303AR cells^^ on YPD medium with low adenine/histidine and counting the

fraction of half-red sectored colonies using Bio-Rad Quantity One software as previously

30 described^^. At least 6000 cells were analyzed per experiment and all experiments were

performed in triplicate. All strains were pre-grown for 15 hours with the relevant compound

prior to plating.
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Prnteins and Western analyses

Recombinant Sir2-GST was expressed and purified from E. coli as previously

described except that lysates were prepared using sonication^*. Recombinant SIRTl from E.

coli was prtpared as previously described^^ Polyclonal antiserum against p53-AcK382

5 was generated using an acetylated peptide antigen as previously described^", with the

following modifications. Anti-Ac-K382 antibody was affinity purified using non-acetylated

p53-K382 peptides and stored in PBS at -70°C and recognized an acetylated but not a non-

acetylated p53 peptide. Westem hybridizations using anti-acetylated K382 or anti-actin

(Chemicon) antibody were performed at 1:1000 dilution of antibody. Hybridizations with

10 polyclonal p53 antibody (Santa Cruz Biotech.) used 1 :500 dUution of antibody. Whole cell

extracts were prepared by lysing cells in buffer containing 150 mM NaCl, 1 mM MgCb,

10% glycerol, 1% NP40, 1 mMDTT and anti-protease cocktail (Roche).
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Example 6: Localization of the activation domain of sirtuins to their N-terminus

Yeast Sir2 and human SIRTl are very homologous and differ from human SIRT2

by the addition of an N-terminal domain that is absent in SIRT2. The effect of resveratrol

was assayed on human recombinant SIRT2 as follows. Human recombinant SIRT2 was

15 incubated at a concentration of 1.25/ig/well with 25/dVI of Fluor de Lys-SIRT2 (BIOMOL

cat. # KI-179) and 25^^M. NAD+ for 20 minutes at 37°C, as described above. The results,

which are shown in Figure 7, indicate that, in contrast to SDITI, increasing concentrations

ofresveratrol decrease SIRT2 activity. Thus, based on the difference in stmcture of SIRTl

and SIRT2, i.e., the absence of an N-terminal domain- (see Fig. 8), it is believed that the N-

20 terminal domain of SIRT 1 and Sir2 is necessary for activation by the compounds described

herein. In particular, it is likely that the activator compounds described herein interact with

the N-terminal portion of sirtuins. The N-tenninal portion of SIRTl that is necessary for

the action of the compounds is from about amino acid 1 to about amino acid 176, and that

of Sir2 is from about amino acid 1 to about amino acid 175.

25

Example 7: Resveratrol extends ttie lifespan of C. eleeans

50 C. elegans worms (strain N2) were grown in the presence or absence of 100 |iM

resveratrol for 17 days. On day 17, only 5 wonns in the control group without resveratrol
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were alive, whereas 17 worms were alive in the group that was treated with resveratrol.

Thus, the presence of resveratrol in the growth media of C. elegans extends their lifespan.

Example 8: Identification of additional activators of sirtuins

5 Using the screening assay described in Example 1, five more sirtuin activators have

been identified. These are set forth in supplementary Table 8.

Example 9: Identification of inhibitors of sirtuins

Using the screening assay described in Example 1, more inhibitors were identified.

10 These are set forth in the appended supplementary Table 8, and correspond to the

compounds having a ratio to control rate of less than 1.

Example 10: Identification of further activators and inhibitors of sirtuins

Additional activators and inhibitors of sirtuins were identified, and are listed in

15 Tables 9-13. In these Tables, "SE" stands for Standard error of the mean and N is the

number ofreplicates used to calculate mean ratio to the control rate and standard error.

All SIRTl rate measurements used in the calculation of "Ratio to Control Rate"

were obtained with 25 \xM NAD"*" and 25 fiM p53-382 acetylated peptide substrate were

performed as described above and in K.T. Howitz et al Nature (2003) 425: 191. All ratio

20 data were calculated firom experiments in which the total deacetylation in the control

reaction was 0.25-1.25 peptide or 1-5% of the initial concentration of acetylated

peptide.

Stability determinations (ti/2) derived firom SIRTl rate measurements performed in a

sunilar way to those described above, except that 5 jiM p53-382 acetylated peptide

25 substrate was used rather than 25 ^M. The fold-stimulation (ratio to control) obtained with

a compound diluted firom an aged stock solution was compared to an identical dilution firom

a stock solution fireshly prepared fi-om the solid compound, is defined as the time

required for the SIRTl fold-stimulation of the compound firom the aged solution to decay to

one-half of that obtained firom a fireshly prepared solutioa Ethanol stocks of resveratrol,

30 BMLr212 and BML-221 were prepared at 2.5 mM and the compounds were assayed at a
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final concentration of 50 pM. The water stock of resveratrol was 100 |xM and the assay

performed at 10 fiM. Stocks were aged by storage at room temperaturerin glass vials,

under a nitrogen atmosphere.

The effect of some of these compounds on Ufespan was determined in yeast and C.

elegans, as described above. The results are set forth below in Table 19:

Compound
% change in yeast

repiicative lifespan

relative to untreated

organisms (10|jM)®

% change In C. elegans

lifespan

relative to untreated

organisms noo/ouu

MY
untreated 100% 100%

Resveratrol

3,5,4'-Trihydroxy-frans-stilben8

170-180% 110%

Pinosylvin

3.5-Dlhydroxv-^rans-stilbene

114% ND

BML-212
3.5-Dihydroxy-4'-fluoro-frans-

stiibene

98% ND

BML-217
3,5-Dihydroxy-4-chloro-frans-

stilbene

90% ND

BML-221
3,4'-Dlhydroxy-5-acetoxy-ffBns-

stilbene

165% >100% (ongoing)

BML-233
3.5-Dihydro)cy-4-methoxy-frans-

stilbene

ND 70% (10)

50% (500)

conditions.

b. Ufespan assays perfonned on N2 worms using E coff as food under standard conditions.

ND. Not determined.

10 The results indicate that resveratrol significantly extends lifespan in yeast and in C.

elegans. Since BML-233 was shown to be a strong activator of sirtuins (see above), the

results obtained in C. elegatis may indicate that the compound is toxic to the cells.

Without wanting to be hmited to particular structures, it appears that the following

structure/activity relationships exist. SIRTl activation results from several of these new

15 analogs confirmed the importance of planarity, or at least flie potential for planarity,

between and within the two rings of the active compounds. Reduction of the double bond

of the ethylene function, between, the two rings essentially abolishes activity (compare

Resveratrol, Table A and Dihydroresveratrol, Table E). Replacement of a phraiyl moiety

with a cyclohexyl group is nearly as detrimental to SIRTl stimulating activity (compare

20 Pinosylvin, Table 9 and BML-224, Table 12). Amide bonds are thought to have a partially

double bond character. However, replacement of the ethylene function with a carboxamide

abolished activity (compare Pinosylvin, Table 9, with BML-219, Table 13). It is possible

that this effect could be due in part to the position that carbonyl oxygen must assume in the
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confonnation that places the two rings trans to one another. If so, a compound in which the

positions ofthe amide nitrogen and caibonyl are reversed might be expected to have greater

activity.

In twelve of the analogs resveratrol's 4'-hydroxy was replaced with various

5 functionalities (see Tables 9 and 10, BML-221 in Table 11, BML-222 m Table 12).

Although none of the replacements tried led to substantial increases in SIRTl stimulating

activity, this parameter was, in general, remarkably tolerant of substitutions at this position.

Small groups (H- in Pinosylvin, CI- in BML-217, -CH3 in BML-228) did the least to

decrease activity. There is some evidence of a preference in the enzyme's stilbene

10 binding/activation site for imbranched (ethyl in BML-225, azido in BML-232, -SCH3 in

BML-230) and hydrophobic functions (compare isopropyl in BML-231 to acetoxy in BML-

221, acetamide in BML-222). Solution stability relative to resveratrol was strongly

increased by one ofthe two 4'-substitutions (acetoxy, BML-221) tested for this so far.

Resveratrol is currently one of the most potent known activator of SIRTl. The

15 collection of analogs described above, particularly the group entailing substitutions at the 4'

position, may be instrumental in informing the design ofnew SIRTl ligands with improved

pharmacological properties. One parameter that may be of interest in this regard is

stability. One 4'-substituted analog, BML-221, displays a vast improvement in solution

stability relative to resveratrol and although diminished in in vitro SIRTl activating ability,

20 retains much of resveratrol's biological activity (see lifespan data). The 4'-hydroxyl of

resveratrol is thought to be of primary importance to resveratrol's jfree-radical scavenging

reactivity (S. Stojanovic et al Arch. Biochem. Biophys, 2001 391 79). Most of the 4'-

substituted analogs have yet to be tested for solution stabiUty, but if resveratrors instability

in solution is due to redox reactivity, many of the other analogs would be expected to also

25 exhibit improved stability.

The results obtained with 4'-substituted analogs may indicate promising routes to

explore while seeking to increase SIRTl binding affinity. For example, the efficacy of the

4'-ethyl compound (BML-225) might indicate the presence of a narrow, hydrophobic

binding pocket at the SIRTl site corresponding to the 4* end of resveratrol. Several new

30 series of4'-substituted analogs are planned, the simplest comprising straight-chain aliphatic

groups ofvarious lengths.
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Example 11: Methods of synthesis of the compoands in Tables 9-13

Most of the resveratrol analogs were synthesized by the same general procedure,

from a pair of intermediates, a benzylphosphonate and an aldehyde. The synthesis or

sources of these intermediates are described in section H. Section m. describes the

5 procedures for synthesizing the final compounds from any of the

benzylphosphonate/aldehyde pairs. The coupling reaction (Section in. A.) is followed by

one of two deprotection reactions depending on whether the intermediates contained

methoxymethyl (Section IH. B.) or methoxy (Sectioii IK. C.) protecting groups. Section IV

corresponds to Tables 14-18, which Ust the particular benzylphosphonate and aldehyde

10 used in the synthesis ofparticular final compounds. Seven of the compounds—Resveratrol,

3,5-Dihydroxy-4'-methoxy-fra«5-stilbene, Rhapontin aglycone, BML-227, BML-221,

Dihydroresveratrol, BML-219—were not synthesized by the general procedure and 'WA"

appears next to their entries in the table. Resveratrol was from BIOMOL and the syntheses

ofthe remaining compounds are described in Section V.

15 n. Synthetic Intermediates

A. Benzylphosphonates (Synthesized)

Synthesis of Diethyl 4-Acetainidobenzylphosphonate: To diethyl 4-

aminobenzylphosphonate in 1:1 methylene chloride/pyridine was added catalytic DMAP

and acetic anhydride (1.1 eq.). After 3 hours, the reaction was evaporated to dryness and

20 purified via flash chromatography (silica gel).

Synthesis of Diethyl 4-Methylthiobenzylphosphonate: 4-Methylthiobenzyl chloride was

heated with triethylphosphite (as solvent) at 120°C overnight. Excess triethyl phosphite

was distilled off under high vacuum and heat. Flash chromatography (siUca gel) yielded

the desired product.

25 Synthesis of Diethyl 3,5-Dimethoxybenzylphosphonate: From 3-5-Dimethoxybenzyl

bromide. See synthesis ofDiethyl 4-Methylthiobenzylphosphonate.

Synthesis of Diethyl 4-Fluorobenzylphosphonate: From 4-Fluorobenzylphosphonate. See

synthesis ofDiethyl 4-Methylthiobenzylphosphonate.

Synthesis of Diethyl 4-azidoben2ylphosphonate: To diethyl 4-aminobenzylphosphonate m

30 acetonitrile (2.5 mL) at O^C was added 6M HCl (1 mL). Sodium nitrite (1.12 eq.) in water

(1 mL) was added drop wise and the resulting solution stirred at O^C for 30 mins. Sodium
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azide (8 eq.) in water (1 mL) added drop wise (bubbling) and the solution stirred at 0°C for

30 niins., then at room temperature for 1 hour. The reaction was diluted with ethyl acetate

and washed with water and brine and dried over sodium sulfate. Flash chromatography

(silica gel) yielded the desired product.

B. Aldehydes (Synthesized)

Synthesis of 3,5-Dimethoxymethoxybenzaldehyde: To 3,5-dihydroxybenzaldehyde in DMF
at 0°C was added sodium hydride (2.2 eq.). The reaction was stirred for 30 min. at 0°C.

Chloromethyhnethyl ether (2.2 eq.) was added neat, drop wise and the reaction allowed to

warm to room temperature over 1.5 hrs. The reaction mixture was diluted with diethyl

ether and washed with water (2X) and brine (IX) and dried over sodium sulfate. Flash

chromatography (sihca gel) yielded the desired product.

C. Purchased Intermediates: Unless Usted above, all synthetic intermediates were purchase

fix>m Sigma-Aldrich.

m. General Procedure for the Synthesis ofResveratrol Analogues

A. Benzylphosphonate/Aldehyde Coupling Procedure

To the appropriate benzylphosphonate (1.2 eq.) in dimethylfonnamide (DMF) at

room temperature was added sodium methoxide (1.2 eq.). This solution was allowed to stir

at room temperature for approximately 45 minutes. The appropriate aldehyde (1 eq.) was

then added (neat or in a solution of dimethylformamide). The resulting solution was then

allowed to stir overnight at room temperature. Thin layer chromatography (TLC) was used

to determine completeness of the reaction. If the reaction was not complete, the solution

was heated at 45.50°C until complete. The reaction mixture was poured into water and

extracted with ethyl acetate (2X). The combined organic layers were washed with brine

and dried over sodium sulfate. Flash chromatography (silica gel) yielded the desired

products.

B. General Procedure for the Deprotection ofMethoxymethylresveratrol Analogues

To the appropriate methoxymethylstilbene derivative in methanol was added two

drops of concentrated HCl. The resulting solution was heated overnight at 50°C. The

solution was evaporated to dryness upon completion of the reaction. Flash chromatography

(silica gel) yielded the desired product.

C. General Procedure for the Deprotection ofMethoxyresveratrol Analogues
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To the appropriate methoxystilbene derivative in methylene chloride was added

tetrabutylammonium iodide (1.95 eq. per methoxy group). The reaction was cooled to 0°C

and boron trichloride (1 M in methylene chloride; 2 eq. per methoxy group) was added

dropwise. Following the addition of boron trichloride, the cooling bath was removed and

5 the reaction allowed to stir at room temperature until complete (as indicated by TLC).

Saturated sodium bicarbonate solution was added and the reaction vigorously stirred for 1

hour. The reaction was poured into cold IM HCl and extracted with ethyl acetate (3X).

The combined organic layers were washed with water (IX) and brine (IX) and dried over

sodium sulfate. Flash chromatography (silica gel) yielded the desired products.

10 V. Special Syntheses

Synthesis of BML-219 (N-(3,5-Dihydroxyphenyl)benzamide): To baazoyl chloride (1 eq.)

in dry methylene chloride at room temperature was added triethylamine (1.5 eq.) and a

catalytic amount of DMAP followed by 3,5-dimethoxyaxnline (1 eq.). The reaction was

allowed to stir overnight at room temperature. Upon completion, the reaction was diluted

15 with ethyl acetate and washed with IM HCl, water and brine and dried over sodium sulfate.

Flash chromatography (silica gel) yielded the methoxystilbene derivative. To the

methoxystilbene in dry methylene chloride at 0°C was added tetrabutylammonium iodide

(3.95 eq.) followed by boron trichloride (4 eq.; IM in methylene chloride). Upon

completion of the reaction (TLC), saturated sodium bicarbonate was added and the mixture

20 was vigorously stirred for 1 hour. The reaction was diluted with ethyl acetate and washed

with IM HCl and brine and dried over sodium sulfate. Flash chromatography (siUca gel)

yielded the desired product.

Synthesis of BML-220 (3,3',5-trihydroxy-4'-methoxystilbene): To Rhapontin in methanol

was added catalytic p-toluenesulfonic acid. The reaction was refluxed overnight. Upon

25 completion of the reaction (TLC), the reaction mixture was evaporated to dryness and taken

up in ethyl acetate. The organics were washed with water and brine and dried over sodium

sulfate. Flash chromatography (siUca gel) yielded the desired product.

Synthesis of BML-233 (3,5-Dihydroxy-4'-methoxystilbene): To deoxyrhapontin in

methanol was added catalytic p-toluenesulfonic acid. The reaction was refluxed overnight.

30 Upon completion of the reaction (TLC), the reaction mixture was evaporated to dryness and

taken up in ethyl acetate. The organics were washed with water and brine and dried over

sodium sulfate. Flash chromatography (silica gel) yielded the desired product.
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Synthesis of BML-221 and 227 (4' and 3 monoacetylresveratrols): To resveratrol in

tetrahydrofuran at room temperature was added pyridine (1 eq.) followed by acetic

anhydride (1 eq.). After stirring for 48 hrs., another 0.25 eq. acetic anhydride added

followed by 24 hrs. of stirring. The reaction was diluted with methylene chloride (reaction

5 was not complete) and washed with cold 0.5M HCl, water and brine, Organics were dried

over sodium sulfate. Flash chromatography yielded a mixture of 4*- and 3- acetyl

resveratrols. Preparative HPLC yielded both monoacetyl resveratrols.

Synthesis of Dihydroresveratrol: To resveratrol in argon-purged ethyl acetate in a Parr

shaker was added 10% palladium on carbon (10 wt%). The mixture was shaken under an

10 atmosphere of hydrogen (30 psi) for 5 hours. Filtration through a pad of celite yielded the

desired material.

Example 12: Dose-response analysis of SIRTl deacetvlation by resveratrol and BML-

15 230

SIRTl initial rates as a function of activator concentration were determined at 25

each ofNAD"^ and p53-382 acetylated peptide, with 20 minutes incubations. Plots of

the dose responses of SIRTl to BMI^230 and resveratrol show that the BML-230-

stimulated activity exceeds that stimulated by resveratrol at all concentrations tested (Fig.

20 9a). This could be due to a greater binding aflSnity of SIRTl for BML-230, greater activity

of the SIRTl/BML-230 complex or some combination ofthe two. A plot of the ratio of the

rates ofBML-230-stimulated enzyme to that ofresveratrol-stimulated enzyme suggests that

increased binding affinity does contribute to the improvement in activity ofBML-230 (Fig.

9b). A simple two state model of the binding and activation process assumes that the

25 observed rate (v) is the sum of the fractional contributions of the unliganded and Uganded

enzymes, where vo is the imstimulated rate, vi is the rate of the enzyme with bound ligand-1

(LI) and Kli is the dissociation constant ofthe enzyme/ligand-1 complex:

V = vo(l-[Ll]/(Ku + [LI])) + Vi(-[L1]/(Kli + [LI])

A sinular equation can be prepared for ligand-2 and the ratio (R) ofthe two rates calculated,

30 an equation which will include, given the conditions of Figure 9, the substitution
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[L]=[Li]=[L2]. It can be shown that if the two ligand dissociation constants were equal

(Kli=Kl2=Kl), this ratio would be:

R = (voKl + vi[L])/ (voKl + V2[L])

IfKli 5^Kl2, this ratio would instead be:

5 R = (vi[L]^ + (voKli + viKu )[L] + voKliK^)/ (v2[L]^ + (vqKu + vzKli )[L] + voKliKu)

In the first case the plot of R vs. [L] would be a simple hyperbola that monotonically

approaches Vi/v2 as [L] increases. In the second case, as in Fig. 9b, the plot would pass

through a maximum before approaching vi/v2 at higher [L] values. The data of Fig. 9b

would imply that Vi/V2 (rate for pure SIRTl/BML-230 divided by that for pure

10 SIRTl/resveratrol) is no more than --1.4 (R at 500 fiM) and that the SIRTl/BML-230

complex indeed has a lower dissociation constant than SIRTl/resveratrol (Kli < Ku).

One of the difficulties m the use of resveratrol as a pharmacologic agent is the

relatively low serum concentrations of the aglycone form that can be achieved and

maintained when it is administered orally («1 nM; see for example D.M Goldberg et al

15 Clin, Biochem, 2003 36 79). hicreasing the SIRTl binding affinity of synthetic derivatives

will improve this aspect of the drug. As sest forth above, various replacements of the

resveratrol 4'-hydroxyl, e.g. the H- of pinosylvin or CI- of BML-217, did not significantly

HiTTtinigh the SIRTl activating eflfect. The results obtained with BML-230 indicate that it

will be possible to actually increase SIRTl/activator blading afifmity by modifications at

20 that site. The 4'-thiomethyl of BML-230 therefore represents a new starting point in

seeking further improvements in SIRTl bindiag afiBnity by the synthesis of related

derivatives (e.g. 4'-thioethyl etc.).

Example 13: Survival rates

25 Human 293 were grown to exponential phase imder standard conditions and

subjected to a dose of compound (50 micromolar) for 96 hours. The number of live cells

each time point was counted using a Coulter counter.
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Table 24: Survival statistics of 293 cells:

Time(h) Resveratrol Thio-Methyl Ethyl Methyl Isopropyl

BML-230 BML-225 BML-228 BML-

231

0 100% 100% 100% 100% 100%

48 5% 55% 5% 46% 0%

96 0% 57% 8% 32% 0%

The results indicate that thiomethyl (BML-230) was the least toxic on 293 cells.

10 Example 14: Sirtuin activators mimic calorie restriction and delay aging in

metazoans

Caloric restriction (CR) extends lifespan in numerous species. In the budding yeast

S. cerevisiae, this effect requires Sir2\ a member ofthe sirtuin family ofNAD'^'-dependent

deacetylases^^. Sirtuin activating compounds (STACs) can promote the survival ofhuman

15 cells and extend the replicative lifespan ofyeast^. Here we show that resveratrol and other

STACs activate sirtuins from Caenorhabditis elegans and Drosophila melanogaster and

extend the lifespan ofthese animals up to 29% without reducing fecundity. Lifespan

extension is dependent on functional Sir2 and is not observed when nutrients are restricted.

Together these data indicate that STACs slow metazoan ageing by mechanisms related to

20 CR.

Sir2-like proteins (sirtuins) are a fanaily ofNAD'^'-dependent deacetylases conserved

from Kcoli to humans^"^ (Fig. 10a) that play important roles in gene silencing, DNA repair,

rDNA recombination and ageing in model organisms^'^^**^. When diet is restricted (calorie

restriction, CR), lifespan is extended in diverse species, suggesting there is a conserved

25 mechanism for nutrient regulation of ageing^^"^^^. hi budding yeast, extra copies this gene

extend lifespan by 30% apparently by mimicking CR^'^^. We recently described a group of

compounds (STACs) that stimulate the catalytic activity of yeast and human sirtuins, and

extend the replicative lifespan of yeast cells up to 60%"*.

To establish whether STACs could activate sirtuins from multicellular animals, we

30 developed a cell-based deacetylation assay for Z). melanogaster S2 cells. Several classes of

polyphenolic STACs, including chalcones, flavones and stilbenes, increased the rate of

deacetylation in an NAD'^'-dependent manner (Fig. 10b). To determine whether this activity
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was due to direct stimulation of a Sir2 homolog, we purified recombinant SIR-2.1 of C.

elegans and dSir2 ofD. melanogaster and determined the effect ofvarious STACs on

enzymatic activity in vitro (Fig. 10c, d). In a dose-dependent manner, resveratrol stimulated

deacetylation up to 2.5-fold for SIR-2.1 (Fig. lOe) and 2.4-fold for dSix2 (Fig. lOf). As

5 previously observed with the yeast and human Sir2 enzymes, resveratrol lowered the Km of

SIR-2.1 for the co-substrate NAD"" (Fig. lOg).

Because resveratrol can significantly extend replicative lifespan in yeast"*, we asked

whether STACs could also extend lifespan in the metazoans C. elegans and P.

melanogaster. Wild-type worms were transferred to plates containing 0 or 100 jiM of

10 resveratrol shortly after reaching adulthood. Lifespan was reproducibly extended up to

15%, using either heat-killed or live E. coli as food supply (Fig. 1 la, c respectively) and

mortality was decreased across all adult ages (Fig. 14). To test whether the lifespan

extension depends on functional SIR-2.1, we constructed a sir-lJ null mutant. The

lifespan of this strain was not appreciably shorter than the wildtypeN2 control and adults

15 treated with resveratrol did not exhibit a significant lifespan extension relative to untreated

worms (Fig. lib, d). There was no decrease in fecundity associated with resveratrol

treatment (Fig. He). To rule out tlie possibility that resveratrol was causing the animals to

eat less, thereby inducmg a CR effect indirectly, we measured feeding rates ofboth L4

larval and adult worms with or without resveratrol and foimd no differences (Fig. llf).

20 We also tested whether STACs could extend lifespan in D. melanogaster using the

standard laboratory wild type strain Canton-S and normal fly culturing conditions (vials),

and a marked wild type strain and demographic culturing conditions (cages) (Table 20).

Across independent tests in males and females, lifespan was extended up to 23% witia

fisetin and up to 29% with resveratrol (Fig. 12a, c, e). Increased longevity was associated

25 with reduced mortality prior to day 40 (Fig. 14). A restricted diet increased Ufespan by

40% in females and by 14% in males (averaged across trials), and under these conditions

neither resveratrol nor fisetin fiarther increased longevity (Fig. 12b, d, f), suggesting that

resveratrol extends lifespan through a mechanism related to CR.

Suiprisingly, while diet manipulations that extendi), melanogaster longevity

30 typically reduce fecundity^ longevity-extending doses ofresveratrol modestly increased

egg production(10 ijM resveratrol: 69.8 eggs/5days, s.e.= 2.2; control: 59.9 eggs/5days, s.e.

= 2.2; t = 3.17, P == 0.0017), particularly in the earliest days of adult life (Fig. 12g). The

increase in egg production suggests that the lifespan extending effect of resveratrol inD.
.
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melanogaster was not due to CR induced by food aversion or lack of appetite. Consistent

with this, no decrease in food uptake was seen with resveratrol-fed flies (Fig. 12h).

Furthermore, resveratrol-fed flies maintained normal weight (Fig. 12i), except during days

3 through when resveratrol fed females were laying significantly more eggs than control fed

5 females.

To determine whether resveratrol extends fly Ufespan in a Sir2-dependent manner,

we analyzed a dSir2 allelic series with increasing amounts of dSir2. Adult offspring from

crosses between independently derived alleles ofdSir2 were tested. Resveratrol failed to

extend lifespan in flies completely lacking functional dSir2 {dSir2^'^/dSirf'^^) (Fig. 13a, b)

10 or in flies in which dSii2 is severely decreased (dSir2^^/dSir2^^^^^^) (Fig. 13c, d).

Resveratrol increased longevity a small but statistically significant amount in flies

homozygous for a hypomorphic dSir2 allele (dSir2^^^^/ dSir2^^^^^) (Table 20, Trial 6)

and increased lifespan up to 17% in flies with one copy of the hypomorphic allele and one

copy ofa wild-type dSir2 (Canton-S/ dSir^^^^^^) (Table 20, Trial 7). These data

15 demonstrate that the ability of resveratrol to extend fly hfespan requires functional Sir2.

We previously reported that STACs extend the Ufespan ofrepUcating yeast cells by

mimicking CR"^. In yeast, chronological and reproductive aging are inseparable in the

measure of repUcative lifespan. Here we show that STACs can extend lifespan in C.

elegans and D. melanogaster, both ofwhich are comprised ofprimarily non-dividing (post-

20 mitotic) cells as adults, and whose somatic and reproductive aging are independent

measures of senescence. In both species, resveratrol increases lifespan in a Sir2-dependent

manner and, at least for the fly, this action appears to function through a pathway common

toCR.

Our observation that resveratrol can increase longevity without an apparent cost of

25 reproduction is coimter to prevalent concepts of senescCTice evolution. However, STACs

may still entail trade-ofiEs under some environmental conditions^^*^^ or in the context of

selection acting upon the network of traits that determine fitness^*^"*. Plants synthesize

STACs such as resveratrol in response to stress and nutrient limitation^, possibly to

activate their own sirtuin pathways'*. These molecules may activate animal sirtuins because

30 they serve as plant defense mechanisms against consumers or because they are ancestrally

orthologous to endogenous activators within metazoans. Alternatively, animals may use

plant stress molecules as a cue to prepare for a decline in their environment or food supply"*.

Understanding the adaptive significance, endogenous function, and evolutionary origm of
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sirtuin activators will lead to fiirtlier insights into the underlying mechanisms of longevity

regulation and aid in the development of interventions that provide the health benefits of

CR.

5 Example 15: Materials and methods for Example 14

Sirtuin purification

His6-tagged recombinant SIR-2.1 and dSir2 were purified from E. coli BL21(DE3)

plysS cells harboring either pET28a-sir-2.1 or pRSETc-dSir2 plasmids. Cells were grown in

LB medium containing kanamycin (50 jtig/mL) for pET28a-sir-2.1 or ampicilhn (100

10 Mg/ml) and chloramphenicol (25 j^g/ml) for pRSETc-dSir2 at 30°C (dSir2) or 37°C (SIR-

2.1) to an OD600 of 0.6-0.8. After addition ofIPTG (1 mM), flasks were shifted to 16°C for

20 h. Cell pellets were resuspended in cold PBS buffer containing 300 mM NaCl, 0.5 mM

DTT, 0.5 mM PMSF and EDTA-fi-ee protease inhibitor tablets and lysed by sonication.

Ni^'^-NTA beads were added to the clarified extract and after 1-3 hours they were loaded on

15 a column, washed with buffer (50 mM Tris. CI pH 7.4, 200 mM NaCl, 30 mM imidazole)

then eluted with the same buffer containing 600 mM imidazole.

Deacetvlation assays

From 0.1 to 1 ^g of SlR-2.1 and 1 ng of dSii2 were used per deacetylation assay as

previously described with modifications (SIR-2.1 : 200 jiiM NAJD"^, 10 /xM Fluor de Lys,

20 FdL; dSir2: 25 iiM NAD"*", 10 /iM FdL)^^. STACs were dissolved at 10 mM in

dimethylsulfoxide (DMSO) the day of the assay. In vitro fluorescence assay results were

read in 96-well microplates (Coming Costar 3693) with a Wallac Victor Multilabel counter

(Perkin Elmer, excitation at 360 nm, emission at 450 nm). Drosophila S2 cells were grown

in Schneider media with fetal calf serum at 23-28'^C, seeded at 9x10"* cells/well, grown

25 ovemight and then exposed to 1 \M TSA, 500 ^M polyphenols, and 200 /xM FdL for 2 hr.

Deacetylation ofFdL with lysate firom whole cells was determined as described"*. Unless

otherwise indicated all initial rate measurements were means ofthree or more replicates

obtained with single incubation times, at which point 5% or less ofthe substrate initially

present was deacetylated.

30 C. elesans media, strains, lifespan, and feeding assays

Bristol N2 (Caenorhabditis Genetics Center) was used as the wild-type strain. The

sir'2.1 mutant strain was generated by backcrossing VC199 {sir-2.1(ok434)) to N2 four

times. Cultures were grown on standardNGM media and maintained on E, coli strain
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OP50. For the lifespan assays, synchronized animals were transferred to treatment plates as

young adults (2 d after hatching, day 0 of assay), and were transferred to fresh treatment

plates every 2 days for the first 6 to 8 days ofthe assay. Treatment plates were standard

NGM media with the reproductive suppressant FUdR (Sigma; lOOmg/L) containing

5 resveratrol or solvent (DMSO, which does not affect lifespan) added either directly into the

agar before pouring (for live OP50 trials) or diluted into PBS and added to the surface of a

dry plate to the indicated final concentration (for dead OP50 trials). For some lifespan trials,

heat-killed OP50 were used as a food source, OP50 cultures were heated to 65°C for 30

minutes, then pelleted and resuspended in 1/10 volume in S Basal supplemented with

10 lOmM MgS04. In all assays, worms were monitored daily for mortality by gently probing

with a platinum pick. Assays were performed at 24*^C.

To assayworm feeding rates, worms at the indicated stages were placed on treatment plates

(no FUdR) for 4-5 hours, then videoed for 1 minute using a Pixelink PL-662 camera. The

frame rate was slowed and the pumping rate ofthe pharynx was coimted. To assay

15 fecundity, gravid hermaphrodites (5 per plate, raised from synchronized Lis on normal or

treatment plates) were allowed to lay eggs on their respective media for 5 hours, and the

total number of eggs was counted.
•

D. melanomster media, strains, feeding assay and lifespan assays

Survival assays were conducted independently with adult D. melanogaster in two

20 laboratories. In the first laboratory, all trials used an jnv marked wild-type strain. Larvae

were reared on standard commeal-sugar-yeast (CSY) agar diet (commeal 5%, sucrose

10.5%, SAF yeast 2%, and agar 0.7%). Newly eclosed adults were placed in IL

demogr^hy cages with approximately 75 males and 75 females. Three to four replicate IL

demography cages were used for each treatment group in each trial. Every two days, dead

25 flies were removed and scored, and food vials were replenished. Food vials contained

conmieal-sugar-yeast diet with SAF yeast as either 2% or 3% by weight Test compounds

in 100 jttl ofEtOH (or blank EtOH in controls) were mixed into melted aliquots ofthe adult

food media to make a final concentration of 0, 10 or 100 j^M. Fresh stock solutions and

adult media were prepared weekly. In the second laboratory, lifespan trials were conducted

30 with the wild type strain Canton-S, dSir2 ^'^ and dSir2 ^'^^
(S. Smolik, University of

Oregon), dSir2^^ (S. Astrom, Stockhohn University, Sweden), and dSir2^^^^^^^ (Drosophila

Stock Center, Bloomington, IN). Larvae for all tests were reared on standard conmieal-

sugar-yeast diet. Newly eclosed adults were incubated in plastic shell vials containing 5 ml
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of 15% sugar-yeast diet (15% SY) or 5% sugar-yeast (5% SY) diet (15% SY: 15% yeast,

15% sucrose, 2% agar; 5% SY: 5% yeast, 5% sucrose, 2% agar as per Ref. ^°). In all trials,

--20 males with -20 females were placed into each of 10 vials/treatment group. Every two

days, flies were passed into new vials and dead flies were counted. Resveratrol in EtOH (or

5 EtOH alone in controls) was added to the media during its preparation after it had cooled to

65°C and mixed vigorously. Final compound concentrations were 0, 10, 100 or 200 /xM.

Fresh stock solution and adult media was prepared weekly.

Feeding rate was measured in yw females with the crop-filling assay^^. Females

were held overnight with water and placed on 2% CSY diet containing food colour (FDA

10 Blue 1) and 0, 10 or 100 resveratrol with EtOH. The presence of dye-marked food in

the crop was scored in sets of 20 females across five 5-minute intervals. For body mass

measurements, 10 vials with 20 males and 20 females each of wild type CS-5 flies were

kept on 15% SY diet with EtOH or with resveratrol in EtOH (lOj^tM). Males and females

were weighed daily.
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Example 16: Identification of additional activators and inhibitors or sirtuins

The following high-throughput screening protocol was used to identify additional

20 small molecule sirtuin activators and inhibitors from an ICCB library.

The following wells were designated for control reactions: a) with enzyme; DMSO

blank, b) with razyme; with resveratrol (50 jiM) positive control. The reaction mixture

contains (final): 0.5 units/reaction SIRTl deacetylase (BIOMOL); 200 jiMNAD""; 5 \iU

Fluor de Lys-SIRTl substrate (BIOMOL); buffer (25 mM Tris/Cl, pH 8.0, 137 mM NaCl,

25 2.7 mM KCl, 1 mM MgCh, and 1 mg/ml BSA). In addition, a reaction mixture containing

no enzyme was made so that each well receiving compound has a corresponding "no

enzyme control" well Reactions were performed in black 384 well plates (NUNC) in a

final volume of25 \iV well.

The reactions were started by combining enzyme and substrate in a reaction mixture

30 immediately prior to aliquoting in plates (or substrate only for "no enzyme control" plates).

Mixture were aliquoted to plates using Biotek ^iFill (Biotek Instruments). Control mixtures

. were manually added to designated wells. A library compound was added at a desired
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concentration by pin transfer to both 'Svith enzyme" and "no enzyme'^ plates. Compounds

were added in at least triplicate (with enzyme reaction in duplicate and no enzyme controls)

at a final concentration of roughly 50 |iM. The plates were incubated at 37' C for 30-60

minutes. Then 25 \il of Ix Developer n (BIOMOL) plus 2mM nicotinamide were added to

5 all wells to stop the reactions. The reactions were left for at least 30 minutes at 37°C for the

signal to develop. The plates were read in a microplate-readmg fluorometer capable of

excitation at a wavelength in the range of 350-380 nm and detection of emitted light in the

range of440-460 nm. A read time of 0. 1 sec per well was used.

The following positive controls were used: resveratrol, resveratrol 4"-methyl ether

10 (3,5-dihydroxy-4'-methoxy-tranS".stilbene, also referred to herein as BML-233, and set forth

in Table 10), and pinosylvin, which activated SIRTl 2.2 fold, 2.1 fold and 3.28 fold,

respectively. The activators are listed in Table 21 and the inhibitors are listed in Table 22.

Equivalents

15 Those skilled in the art will recognize, or be able to ascertain usmg no more than

routine experimentation, many equivalents of the specific embodiments described herein.

Such equivalents are intended to be encompassed by the following claims.
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Claims

1 . A method for mimicking the effects of calorie restriction in a eukaryotic cell,

comprising contacting the cell with a compoxmd having a formula selected from

the group consisting of formulas 32-65.

5 2. The method of claim 1, wherein the compound is a compound set forth in Table

21 ofFigure 35.

3 . The method of claim 1 , wherein the cell is in vitro.

4. The method of claim 1, wherein the cell is a mammalian cell.

5. The method ofclaim 16, wherein the ceU was obtained from a subject.

10 6. The method of claim 1 , wherein the cell is a yeast cell.

7. A method for treating an aging-related disease in a subject, comprising

administering to a subjectm need thereof, a therapeutically effective amount of

an agent ofclaim 1.

8. The method ofclaim 27, wherein the aging-related disease is stroke, a

15 cardiovascular disease, arthritis, high blood pressure, or Alzheimer's disease.

9. A method for reducing the Ufespan of a eukaryotic cell or rendering the

eukaryotic cell more sensitive to cell death, comprising contacting the cell with

a compound having a formula selected from the group consisting offormulas

67-68.

20 10. The method ofclaim 9, wherein the compound is a compoimd set forth in Table

22 ofFigure 36.

11. A method for treating a disease or condition related to abnormal cell growth in a

subject, comprising administering to a subject in need thereof a therapeutically

effective amount ofan agent ofclaim 9.

25 12. The method ofclaim 1 1, wherein the disease or condition is cancer.

13. The method of claim 12, fijrther comprising administering to the subject a

chemotherapeutic agent.



wo 2005/002555

173

PCT/US2004/021479

14. A composition comprising two compounds having a fonnula selected from the

group consisting of formulas 32-65 and 67-68, wherein the composition is not a

composition in which the two compounds are naturally present together.
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FIGURE 4
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Substrate (25 pM)

Substrate Name
Sequence Source-Residue #(s)

(manufacturer's substrate name, (8IOMOL, Plymouth
Meeting, PA)

H3-4-9

H3-9-14

H3-9-14/pS
H3-14-18
H4-1-5

H4-12-ie (Fluor de Lys-W-AcKie)
H4-12-16/diAc

P53-320 (Ruor de Lys>SIRT2)
p53-373

P53-382 (Fluor de Lys-SIRTI)
p53-382/di-Ac (Fluor de Lys-HDACB)
8-acetyl lysine (Ruor de Lys, FdL)

Sequence

K(Ac)QTARK{Ac)
K(Ac)STGGK(Ac)

K(Ac)-S(P03)-TGGK(Ac)
K(Ac)APRK(Ac)
SGRGK(Ac)
KGGAK(Ac)

K(Ac)GGAK(Ac)
QPKK{Ac)

K(Ac)SKK{Ac)
RHKK(Ac)

RHK(Ac)K(Ac)

K{Ac)
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Figure 7
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200 32.43335 1.127565
500 5.33335 9.047658

AFU/20mnSO
1927.167 270.8733
2106.667 203.9

1963 472.4288
1971.5 168.02

1217.167 312.09

648.667 39.06

106.667 313.42

Effector Resverafrol on StRT2 Activl^,

1.25 pff/well human rocomb. 8IRT2, 26 pM 'Fluordo Uy8«S(RT2*

(BIOMOLCat # KI-179). 25 |lM HAX>\ 37*C. 20 mln.
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a

FIGURE 9

b

[Activator], {iM

ngure 9. Resveralrol and BML*2dO dose responses of SIRfTI cafs^yflc ra(e. a» SIRTI iniflai rates

as a fUnctfon of ac&vator ooncentratlon were detemirned at 25 |iM each of NAD* and f^3^82
aoeiylated peptfda, wltfi 20 min. incubations. Points represent the mean of ftiree detemiinatlons
and ennor liars are standard Btms of the mean. b» Ratio of BML-230-aclivdted to resveraUol-
activated SIRTI rates as a fttnctlon of acflvator concentraUon. Ratios calculated from data of a.
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FIGURE 12
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Table 1. Stimulation of SIRT1 CatalyticRate by Plant Polyphanols (100 |jM). FIGURE IS

Compound Ratio to Control Rate
Mean ±*SE Structure

Resveratrol

{3,5,4'-Trihydroxy-frans-stilbene)

Butein

(3,4,2\4'-^retrahydn>xychalcone)

Piceatannoi

(3,5,3\4'-Tetrahydroxy-£rans-s(libene)

Isollquiritigenin

(4,2\4'-Tribydroxychalcone)

. Fisetin

(3,7,3\4*-TetfahydroxyflavonG)

QuerceOn
(3.5,7,3\4'-Pentahydroxyflavone)

13.4 ±1.0

8.53 ± 0.89

7.90 ±0.50

7.57 ±0.84

6.58 ±0.69

4.59 ±0.47

Abbreviation: 8E, Standard error of the mean. Rate measurements with 26 [M NAD^ and 25 |jM p53-382

acetylated peptide substrate were perfomned as described in Methods. Ail ratio data were calculated from

experimente in whicti the total deacetylation in the control reaction was 0.25-1.25 pM peptide or 1-5% of the

initial concentration of acetylatad peptide.
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Supplementary Table 1. Effects of Stilbenes and Chalcones (100 pM) on SIRTI Rate.

nouREie

Ratio to
Compound Control Rate Replicatee

Mean t SB
Structure Skeleton

Resveratrol

(3.5,4*-Trihydroxy-

frans-stiibene)

Piceatannol (3,5,3',4*-

Tetrahydroxy-frens-

sUtbene)

DeoxyrhaponOn
(3,6-Dihydroxy-4v

methoxystilbene 3-0-

p4:>-glucoside)

&af75^fllbene

Rhapontin
3,3',5-Trihydroxy-4'-

methoxystilbene 3-0-

p-l>glucoside

c/s*Stilbene

Trihydroxychatcone

13.4 ±1.0

7.90*0.50

1.94 i 0.21

1.48 ±0.15

1.40 ±0.37^

1.14 ±0.29

Butein (3,4.2\4'-

Tetrahydipxychalcone) ^'^^ * "-^^

7.57 ±0.84

3 4 2' 4' 6

-

Penfahydroxych^loone * ^'^^

10

STILBENES ( iiajis)

Chaicone 1.34±ai7
CHALCONES

AbbreWatlon: SE, Standard error of the me^in.' Rate measurements wKh 25 pM NAD* and 25 pM p53-382

acetylated peptide substrate were perfonned as described In Methods. All ratio data were calculated from

experiments fn which (he total deacetylatlon in the control reaction was 0.25-125 mM peptide or I.50/0 of the

Initial concentraHon of acetylated peptide.
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supplementary Table 2. Effects of Flavonos (100 pM) on SIRT1 Rate (Part i).

piQURE 17

Ratio to Struoture Skeleton
Compound Control Rate Reptlcates

Mean ± SE

Fiselin

(3,7,3' ,4*"

Tetrahydroxyflavone)

6.58 ± 0.69

5.7.3',4'.5*-

Pentahydroxyfiavone
6.05 ±0.98

tuteolln

(6.7,3'.4''

Tetrahydroxyflavone)

Tetrahydroxyflavone

Quercetfn
(3.5,7.3\4*.

Penlahydroxyflavone)

7,3',4\5'-

Tetrahydroxyflavone

Kaempferoi

(3.5J,4'-
Tetrahydroxyflavone)

6-HydroxyapIgenln
(5.6.7.4'.

Tetrahydroxyflavone;

Soutellarein)

Apigenin

(5.7,4'.

Tflhydroxyflavone)

3,6.2\4'-

Tetrahydroxyflayone

7,4*-Dlhydcoxyflavone

5.66 ±0.90

5.45*0.57

4.59 ±0.47

3.62 ±0.56

3.55 ±0.56

3.06 ±0.29

2.77 ±0.40

2.10. ±0.22

1,91 ±0.17

12

16

• 6

O

PLAVONBS

Abbreviation: SE, Standard ent>r of the mean. Rate measurements with 25 pM NAD* and 25 pM p53-382

acetylated peptide substrate were perfonned as described In Methods, All ratio data were calculated from

experiments In which the total deacetylatlon In the contre>l reaction was 0.25-ii5 pM peptide or 1-6% of the

initial concentration of acetylated peptide.
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supplementary Table 3. Effects of Flavones (100 uM) on SIRT1 Rate (Part II),

Compound
Ratio to*

Control Rate Replicates
Mean ± SE

Tetrahydroxyflavone

3,6.2',3».

TetrahydroxyRavone

1,91 ± 0.39

1.74 ±0.27

4'-Hydroxyflavone 1 .73 1 0.12

5,4'-Dihydro)^aYone 1,56 1 0.15

5.7-Dlhydjt»cyflavone 1 .51 ± 0.18

Morin
(3.5.7.2'.4»-

Pentahydroxyflavone)

Ravone

6-Hydroxyflavone

Myricetin

(Cannabfecefin;

3.57.3\4\5'-

Hexahydroxyflavone)

1.461 ±0.071

1.41 ± 0.23

1.22 ±0.19

0.898 ±0.070

Pent^hJ&iSvon^ ®®28 ±0.074

Gossypetin

(3,5.7,8}3\4'.

Hexahydroj^avone)
0.723 ±0.062

6

8

8

8

12

12

FIGURE 18

Structure Skeleton

FLAVONES

AbbrevSaBon: SE, Standard error ofthe mean. Rate measurements with 25 pM NAD* and 25 pM p53^82

acetylated peptide substrate were performed as described fn Methods. All raOo data were calculated from

experiments In which the total deacetylatlon In the control reaction was 0^5-126 pM peptide or 1^% of the

Initial concentration of acetylaled peptide.
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FIGURE 19

>plemenfar/ Table 4. Effects of Isofiavones, Flavanones and Anthocyanidins (100 |iM) on SIRT1 Rate

Ratio to

Compound Control Rate Replicates

Mean ± SE

Structure Skeleton

Daidzetn

Dihydroxyisoflavone)

Genlslein

Trihydroxyisoflavone)

Naringenin

Tnhydroxyflavanone)

Pentahydroxyfiavanon
e

Flavanone

2.28 ± 0.74

1.109 ±0.026

2.10 ±0.23

1.97 ±0.22

1.92 ±0.24 PLAYANONBS

Pelargonldin chloride

(3,5,7.4^

Tetrahydroxyflavyllum

chloride)

Cyanidin chloride

(3,6,7,3'.4'-

Pentahydroxynavylium
chloride)

1.686 ±0.037

0.451 ±0.015

Delphinldin chloride

(3,5,7,3*,4*,5 - Q 4473 * O 0071
Hexahydroxyflavylium "'^^^ * "'""^^

chloride)

ANTHOCYANDfilS
(PfavTfiia Chl>zileSaSs)

Abbreviation' SE, Standard error of the mean. Rate measurements with 25 pM NAD^ and 25 |jM p53-36?

acetylated peptide substrate were performed as described fn Methods. Alt ratio data were calculated frotri

experiments in which (he total deacetylation In the control reaction was 0.25-1 J215 pM peptide or 1-5% of the

.initial concentration of acetylated peptide.
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FIGURE 20

Supplementaiy Tablo 5. EffeDts of Catechlns (Flavan^H>fs) (100 pM) on SIRT1 Rate.

Compound

(-^Epicateohin

(Hydroxy Sites:

(•^)-Cateohin

(Hydroxy Sites:

3,5,7,3'.4')

(-)-Gal!ocatechin

(Hydroxy Sites:

3,6.7.3'.4\5')

(+)-CatecWn
(Hydroxy Sites:

3,5,7.3\4')

(+^EpIcatechln
(Hydroxy Sites:

3,5,7,3',47

(-)-Eplgallocal6cbln

(Hydroxy SKes:
3,5,7.3',4\6«)

Ratio to

Control Rate Replicates
Mean ± 8E

1.53±0.31

Structure Skeleton/Structure

1.41 ±0.21

1.35 ±0.25

1.31 ±0.19

1.26 ±0^0

0.41±d.11

CATECHMS
( F]aYan-^-t)ls)

(-)-Eplganooatectifn

Gallate

(Hydrox/ Sites:

3*6J.3',4\S';

I ester)

0.32 ±0.12

C-i -BPfiALLOCATECHn
GAILATB

Abbreviation: SE, Standard enor of the mean. Rate measurements with 25 pM MAD* and 25 pM p53^82

acetylated peptide substrate were perfomied as described In Methods. All tatio data were calculated from

experlmenls in which the total deacetylation in the control reaction was 025-1^5 plM peptide or 1-5% of the

initial concentration of acetylated peptide.

SUBSTITUTE SHEET (RULE 26)



wo 2005/002555 PCT/US2004/021479

21/42

FIGURE 21

Supplementary Tdble Effects of Free Radical Protective Compounds (100 pM) on $IRT1 Rate.

Compound

Ratio to

Control Rate

Mean t SE
Replicates

Protecttra Mechanism

Hinokitiot

cycIohep!atrten-1-one)

L-(+)-ErgolWone!ne

((S)-a-Gart)Oxy-2,3-dihydro-

N,N.N-tnmethyl-2-thioxo-1H- 2.06 ± 0.48

imidazole-4-ethanaminium

Inner $dtt}

Caffeic Add Phenyl Ester 1.60 ± 0.16

Iron Chelator

Antioxidant, Peroxynlbito Scavenger

Iron Chelator

MCM86
(3-Methyl-1-phmyl-2-

pyrazoHn-Sone)

1.2513 ±0.0080

HBED
(N,N'-Dl-(2-

hydroxybenzyl)ethy(enediaml 1.150 ± 0.090

ne-N.N'-diacelJc

acid*HCI-H20)

Ambroxol
(trans-4-(2-Amlno-3,5- < n7n + n nn^fi
dibromobenzylamlno)

^^^^^ * ^'^^^^

cyclohexane*HCQ

IW3836E
((.)-2K(4H2,6-dM.

dlhydio-2,5,7,8-tetrame»hyl-

2H-1-benzopyran-&<ol*2HC0

Radical Scavenger and Antioxidant

Iron Chelator

Radical Scavenger

"Lazarold'' amlnosterold, Peroxidation

inhibitor

Trolox

(6-Hydroxy-2,5,7.B-

tetramelhylchroman-2-

catisoxylfo acid)

0.99510.019 Antioxidant

Abbreviation: SE. Standard en^or of the mean. Rate measurements wHh 25 |iM MAD^ and 25 pM p53^82

acetylated peptide substrate were perfomied as descnled In Methods. All ratio data were calculated from

experiments in which the total deacetylaHon In the control reaction was 0Ji5-1,25 |jM peptide or 1-5% of the

Initial concentration of acetylated peptide.
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nGURE22

Supplemenlaiy Table 7. Effects of Misceilatieous Compounds (100 fiM) on SIRT1 Catalytic Rate.

Compound

Ratio to

Control Rate ^ .

MeaniSE Replicates Structure &Aotivitfes

Dipyridamole

(2,6-

bls(Diethanotamlno)**

4,B^pfperidmo-
pyrimldc45,4-

djpyrfmfdfne)

NlcoHnamide

3.54 ±0.20

NF279

NFCI23

Suramin

0.42810.019 42

0.0035 ±0.0011 3

-0.0016 ±0.0015 3

-0.0002 ±0.0010 3

Inhibitor ofAdenosine Transport,
Phosphodiesterase, 5-Lipoxygenase

SIrfciln ReaeUon
Pioductflnhibitor

Puiitmg^ ReceptorAntagonist

6i>iX)te(nAiiUigonis(

G^n)tein Antagonist, Reverse llransorlpiase

Inhibitor .

Abbreviation: SE, Standard eiror of the mean. Rate measurements with 25 jjM NAD* and 25 {iM p53-382

ai;eQriatedi>epiide subsbalewere petfomied as described in Methods. An ratio data were csdculated from

experiments in which the total deacef^aOon In the control reactton was 0.25-1.25 pM peptide or 1-5% ofthe
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FIGURE 23

Supplementary Table 8. Effects of Various Modulators on SiRTI Rate.

Compoundi
(Concentration)

Ratio to

ControlRate R^jtoaibs
Structure

ZM 336372,

(100 |iM)

Camptothedn,

(10 (iM)

Coumestrol,

(10 (iM)

NDG^
(100 pM)

3.5 ±1.1

2.92 ±0.41

2.30 ±0.31

1.738 ±0.088

Esculetin,

(lOplVI)
1.737 ± 0.082 3

Hi

Sphlngosine 0.069 ± 0.028 3

Abbreviation: SE, StandartI error of the mean. Rate measurements with 25 pM NAD* and 25 pM p53-382

ace^ated peptide substrate were perfbrmed as described In Methods. AU ratio data were calculated from

expertments In which the total deacetylatlon In the control reaction was 0^5-1.25 pM peptide or 1-5% of the

initial concentration of acetylated peptide.

SUBSTITUTE SHEET (RULE 26)



wo 2005/002555 PCT/US2004/021479

.24/42 FIGURE 24

Table 9. S1RT1 Rate Effects ofNew Resveratrol Analogs (100 |iM).

Ratio to

Compound Control Rate N
Mean ± SE

Structure stability in

Solution

titt, hrs.

BML-230
{3,5-Daiydroxy- nB + ia 12

erans-slilbene)

Resveratrol

(3.5,4'.

Trihydroxy-frans-

stilbene)

BML-217
(3,5-Dlhydroxy-

4'-chlora-(5na/is-

stilbene)

PInosyivIn

(3,5*DIhydrQ}cy-

frants^bene)

BML-225
(3,5-DIhydroxy-

4'*ethyl*tm/is^

siflbene)

BML-212
(3i5-Dihydroxy-

4-fluoro-frBffs^

sOIbene)

10.7 ±0.4 49

10.6 ±0.4

9.95 ±0.45 3

9.373 ±0.014 3

8.20 ±0.69 . 3

59 (ethanol),

20 (water)

66 (ethanol)
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Table 10. SIRT1 Rate Effects of New Resveratrol Analogs (100 ^M),

Compound
Ratio to

Control Rate
Mean ± SE

N Structure Stabili^ In

Solution

tii2i his.

BML-228
(3,5-Dibydroxy-

4-methyI-^rans-

stiibene)

7.72 ±0.12 3

HOl ^ ^.4«s. JLs^ 11

BMU232
(3,5-Dihydroxy-

4-azido-fran5-

stiibene)

7.24 ±0.12 3

OH

BML-229
(3,5-Dlhydroxy-

4*-nilro-<rans^

stiibene)

6 78 ± 0 22 3

BML-231
(3,5-Dihydroxy-

4Msopropyl-

frans-sfllbene)

6.01 ±0.16 3

BML-233
3,5-Dihydroxy-4-

methox^fran>
sfflbene

5.48 ±0,33 6
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FIGURE 26

Table 11, SIRT1 Rate Effects of New Resveratroi Analogs (100 uM>

Compound
Ratio to

Control Rate
Mean i S£

N Structure Stability in

Solution

lift) nrs.

Rhapontin

aglycone

(3,5,3Trihydroxy-

4-melhoxy-fnans-

stiK)ene)

4.060 ±0.069

8MU227
(3,4*-Dlhydroxy-5-

acetoxy-fnans-

stilbene)

3.340 10.093

6ML-221
(3,5-Dlhyclroxy-4'-

acetoxy-tan^-

stObene)

3.05 ±0.54 504
(ethanol)

BML-218
(E)-1-(3,5.

Dihydroxyphenyl>-

2-(2-napthyl)

ethene

3.05 ±0.37

BML-216
3-Hydroxystllbene

2.357 ±0.074
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FIGURE 27

Table 12, SIRT1 Rate Effects ofNew Resveratrol Analogs flOO pM),

Compound

Ratio to

Control

Rate
Mean ± SE

H Structure Stability in

Solution

titt, hrs.

BML-226
(3.5-

Dimethoxymethoxy-
4-thiomethyWfan5-

stilbene)

2.3161
0.087

3

BML-222
(3.5-Dlhydroxy-4'-

acetamlde-^rans-

stifbene)

1.88 ±0.11 3

' rrV
•

BML-215
3,4-Dihydroxy-

tens-stilbene

1.64 ±0.10 6

BML-224
(E)-1-(3.5-

. Dihydroxyphenyl}-

2'<cycfohexyl)

ethene

1.297 ±
a042 3

3.4-Dimethoxy-

fran^stilbene

1.127 ±
0.019

3

^o/Cj^
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FIGURE 28

Table 13. SIRT1 Rate Effocts of New Resveratroi Analogs (100 pM),

Compound

Ratio to

Control

Rate
Mean ± SE

N

w^.^MW ^iwv HWiy,

structure Stability {n

Solution

tv2i hrs.

Dlhydroresveratrol

(1-(3.5-

Dihydroxyphenyl)-2-

(4-hydroxyphenyl)

ethane)

1.08 ±0,14 4

44lydroxy-fnans-

stilbene

0.943 ±
0.039

3

BML-219
/V-phenyK3.5-

dlhydroxy)benzamide

0.902 ±
0.014

3

OH

3,5-Dihydroxy-4-

nftro-trans-stilbene

0.870 ±
0.019

3

4-Methoxy-tra/?s-

stllbene

0.840 ±
0.089

3
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Table 14. Resveratrol Analog Synthetic Intermediates

Compound BenzyCphosphonate Aldehyde
Structure

BML-217
(3.5-DihydrDxy-

4*-chloro-frans-

stilbene)

Resveratrol

(3.5,4*.

Trihydroxy-frans-

stilbene)

Pinosylvin

{3,5-Dlhydroxy-

te/is-stllbene)

BML-225
(3,6-Dniydroxy-

4'-ethyMrans-

stilbene)

BML-212
(3,5-Dihydroxy-

4'-fluoro-frans-

stllbene)

BML-228
(3.5-Dihydroxy-

4*-m©thyl-ffans-

diilbene)

Diethyl 3-5-

dimethoxybenzyl

N/A

Diethyl benzyl

phosphonate

Diethyl 3-5-

dimethoxybenzyl

phosphonate

Diethyl 4-fluoro

benzylphosphonate

Diethyl 3-5-

dlmethoxybenzyl

phosphonate

4-Chlorobenzaldehyde

N/A

3,6-Dlmethoxy

benzatdehyde

4*Ethyibenzaldehyde

3,5-Dimethoxy

benzafdehyde

4-Methylbenzaldehyde
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FIGURE 30

Table 15. Resvera trol Analoa Synthetic intermediates

Compound Benzylphosphonate Aldehyde
Structure

BML-232
(3.5-Dihydroxy-

4-azido-tra/i5-

stilbene)

Diethyl 4-azido

benzylphosphonate

3.6-

Dimethoxymethoxy
benzaldehyde

\ T ^

BML->230
(3,5-Dihydroxy-

4'*thiomethyl-

trans*sVXbene)

Diethyl 4-methylthio

benzylphosphonate

3.5-

Dimethoxymethoxy
benzaldehyde

BMU229
(3,5-Dihydroxy-

4-nltro-tfa/7s-

stilbene)

Diethyl 3-5-

dimethoxybenzyi

phosphonate
4-Nitrobenzaldehyde

BMU23i
(3.5-Dihydroxy-

4'-lsopropyl-

(/lan^-stiibene)

Diethyl 3-5-

dimethoxybenzyi

phosphonate
*

4-Isopropyl

benzaldehyde

3,5-Dihydroxy-

4'-nnethoxy-

tens-sHlbene
N/A N/A
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FIGURE 31

Table 16. Resveratrol Analog Synthetic Intermediates

Compound Benzyfphosphonate Aldehyde otructure

Rhapontin

aglycone
(3,5,3Trihydroxy-

4 •weinoxy-f/a/7s-'

sinbene)

N/A N/A

BML-227 J

(3.4«Dfhydroxy-5-

stilbene)

N/A

V
BML-221

(3.6-Dihydroxy-4-

acetoxy-frans^

stilbene)

N/A N/A

OH

BML-218
(E)-1^3.5-

Dlhydroxyphenyl)-

2-{2-napthyl)

ethene

Diethyl 3-5-

dimethoxybenzyl

phosphonate
2-Naphthdfdehyde

BMU216
3-Hydroxysiilbene

Benzytphosphonate
3-Me(hoxy

benzaldehyde
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nGURE32

Table 17. Resveratrol Analog Synthetic Intermediates

Compound Benzylphosphonato Aldehyde
Structure

BML-226
(3,6-

Dimethoxymethoxy
'4'-thiomethyl-

£ran^s6Ibene)

Diethyl 4-methylthio

benzylphosphonate

3,5d[nieUio}cymethoxy

benzaidehyde

BML-222
(3,6-Dihydroxy^'.

acetamide-f/a/75-

sfilbene)

Diethyl 4-acetamido

benzylphosphonate

3,5Hiimethoxymethoxy

benzaidehyde

OH

BML-216
3.4-Dihydroxy-

tans-stHbene
Benzylphosphonate

3,4-Dimethoxy

benzaidehyde

HO'''^^^^^^^^^^

OH

BML-224
(E).1-(3.5.

Dihydroxyphenyl)-

2-{cyc!ohexyl)

ethene

3,5-Dlmethoxy

benzylphosphonate
Cydohexane

caitoxaldehyde

3,4*Dimethoxy-

f/an^-stilbene
Benzylphosphonate

3,4-Dimethoxy

benzaidehyde
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HGURE33

Table 18. Resveratrot Analog Synthetic Intermediates

Compound BQtueyiphosphonate Aldehyde
Structure

Dihydroresveratroi

Dlhydroxyphenyl)-2-(4-

hydroxyphenyl)

ethane)

N/A N/A

i i

BMU214
4-Hydroxy-fifans-

sUIbene

Benzytphosphonate
4-Methoxy

benzaldehyde

1
0

BML-219
Ar-phenyK3,5-

djhydroxy)benzamide

N/A N/A

3,5-OIUydroxy-4*-n!tro-

(rans-sfilbene

3,5-Dimethoxy

benzytphosphonate
4'Nilrobenzaldehdye

cr

stifbene
Benzyfphosphonate

4-Methoxy
benzaldehyde o
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nGURE34
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Figure 35A

Table 21. Sirtuin activators.

Compound
Fold

Activation
Structure

OFT

s

X
_1J

included in

formula

number

2-[l-(2-hydroxyphenyl) ethylidene]

hydrazine- 1 -carbotfaioamide
1,1 32

prop-2-ynyl 3-(2,6-dichlorophenyi)-5-

methyiisoxazole-4-carboxylate
1.1 33

4-{3-l{3,5-dicliloro-2-

hydroxybenzy]idene}aimno]propyl}-

4»5-dihydro-lH-pyrazol-5-one

1.2 34

6-(phenylthio)-2-[2-(2-pyridyl)ethyl]-

2,3-diliydro-lH-

benzo[de]iso(iuinoline-l,3-dione

1.15 35

54(4-chloroamlino)mBdiylene]-3-(4-

clilorophenyl)-llainbda'-6-,3-

tfaiazolaae-l,l,4-trioiie

1.15 36

2-{4-chlorophenyI)-7-

m6tiiylimldazo[l,2-a]pyridine'3-

caibaldehyde 0-(3-

fluorobenzyQcximB

1.1 37
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FIGURE 35B

HO
2-(4-tert-butylphenoxy)-N-(3-

methoxyphenyOacetamide
1.12 38

1 o

3,4,5-trimethoxy-N-(4-metbyM,3-

benzothiazol-2-yI)benzamide
1.12 39

o

3-( 1 ,3-benzcHiioxol-5-yl)-N-

(pentafluorophenyOaciylamide
1.09 T 1 ^ ?

F

40

N

'ethyl [(4-cyaiio-l-morpholin-4-yI*

5,6,7»8-tetiabydToisoquinolin-3-

yl}^io]acetat6

1.11

III

0
41

^ NH
'ethyl 2-({[5^4-mefli3^phenyl)-7-

(trifluoroine&yl)-4,5,6,7-

tetrahydropyiazolo[ i ,5-a]pyriimdin-3-

yl]carboiiyl}ainmo)-4,5,6,7-

tetrahydro-l-benzotfaiophene-3-

carboxylate

1.1 42

'6-amino-3-(4-bromophenyl)-4-(3-

hydroxy-4-methoxypheayl)-l,4-

dihydropyranb[2,3-c]pyra2ole-5-

carbonitrile

1.1

OH

Br

43
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FIGURE 35C

dimethyl 5-{[({4-oxo-5-[3-

(trifluoromethyl)phenyl]^,5-dihydro

lH-pyrazolo[3,4-d)pyrimidin-6-

yl}thio)acetyl]aiTiino}isophtbaIate

•N-{2-[4-

(aniinosulfonyl)phcnyl]ethyl} -2- {[4-

oxo.3-(telrahydrofuran-2-ylmethyl)-

3,4-dihydroquinazolin-2-

yl]thio}acetaxnide

•N-{3-chloro-4-[(4-chloro-l-

naphthyl)oxy]phenyl}-2-hydroxy-3,5

diiodobenzaitdde
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HGURESSD

•tetramethyl 5\5\9*-trimethyl-d'-

(trifluoroacetyl)-5',6-

dihydrospiro[l,3-ditfaiole-2, T-

thiopyrano[2,3-c]quinoline]-2\3\4,5-

tetracarboxylate

1.14

Me02C
COzMe

48

'dimethyl 2-[2,2,6-triinetfayH-(3'

inethylbutanoyl)-3-tluoxo-2,3-

dihydroquinolin-4(lH)-ylidene]-l,3-

didiioIe-4,5-dicarboxylate

1 171.1/

MeOzC^COzMe

49

*ethyl 4-[5-[(cyanomethyl)thio]-2-

thioxo[13]lhia2olo[4*,5»:4,5]pyrimido[

l,6-a]benzimidazol-3(2H)-yI]ben2oate

1.47

P
SO

'6-chloro-2,3-diphenyl-7-

(trifltiorome£hyl)qumoxaline
1.12

jO
51

'6-fluoro-2,3-bis(4-

methy]phei]yl)qiiinoxaline
1.27 51

1.1

<
HO"

52
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nGUKE35E

1^

V >-NH p-Tf q

53

»% ** /— __f_t _ ji 1 a J LI » il% A TTA
Pyndine, 2-^>-auorostyiyl>4-U4-

(diethy]aiiiiiio)-l-iiiBdiyIbutyl]aiiuno]-

,{E)-

1.06 54

GloxazoDc 1.16

1 JHaN'^NH

1

T

55

1.25

s

56

1.1

ho!*'

CO?H

Ac

57
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FIGURE 35G

Piromidic Acid

Meclocyclsne Sulfosaiicylate

Mefiiacycline Hydrochloride

Ofloxacin
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Table 22. Sirtuin inhibitors
FIGURE 36

Coix^und
Fold

Activation
Structure

Included in

fonnula

munber

Chlortetracycline <1

OH O Of^

CI HO

O O

"]r^NH2
66

0,27 civ^^j^yX^r 67

Melhotrexane 0^3 NHz

HO

68
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SEQUENCE LISTING

<110> Sinclair, David
<120> Compositions for manipulating the lifespan and stress response of cells
and organisms
<130> HMV-089.26
<160> 2

<170> Patentin version 3.0

<210> 1

<211> 4107
<212> DNA
<213> homo sapiens

<220>
<221> CDS
<222> (54) . . (2297)

<400> 1

gtcgagcggg agcagaggag gcgagggagg agggccagag aggcagttgg aag atg .56

Met
1

gcg gac gag gcg gcc etc gcc ctt cag ccc ggc ggc tec ccc teg gcg , 104
Ala Asp Glu Ala Ala Leu Ala Leu Gin Pro Gly Gly Ser Pro Ser Ala

5 10 15

gcg ggg gcc gac agg gag gcc gcg teg tee ccc gcc ggg gag ceg etc 152
Ala Gly Ala Asp Arg Glu Ala Ala Ser Ser Pro Ala Gly Glu Pro Leu

20 25 30

cgc aag agg ceg egg aga gat ggt ccc gge etc gag egg age ceg ggc 200
Arg Lys Arg Pro Arg Arg Asp Gly Pro Gly Leu Glu Arg Ser Pro Gly

35 40 45

gag ccc ggt ggg gcg gee eca gag cgt gag gtg ceg gcg gcg gcc agg 248
Glu Pro Gly Gly Ala Ala Pro Glu Arg Glu Val Pro Ala Ala Ala Arg
50 55 60 65

ggc tgc ceg ggt gcg gcg gcg gcg gcg ctg tgg egg gag gcg gag gca 296
Gly Cys Pro Gly Ala Ala Ala Ala Ala Leu Trp Arg Glu Ala Glu Ala

70 75 80

gag gcg gcg gcg gca ggc ggg gag caa gag gcc cag gcg act gcg gcg 344
Glu Ala Ala Ala Ala Gly Gly Glu Gin Glu Ala Gin Ala Thr Ala Ala

85 90 95

get ggg gaa gga gac aat ggg ceg ggc ctg cag ggc cca tct egg gag 392
Ala Gly Glu Gly Asp Asn Gly Pro Gly Leu Gin Gly Pro Ser Arg Glu

100 105 110

cca ceg ctg gcc gac aac ttg tac gac gaa gac gac gac gac gag ggc 440
Pro Pro Leu Ala Asp Asn Leu Tyr Asp Glu Asp Asp Asp Asp Glu Gly

115 120 125

gag gag gag gaa gag gcg gcg gcg gcg gcg att ggg tac cga gat aac 488
Glu Glu Glu Glu Glu Ala Ala Ala Ala Ala He Gly Tyr Arg Asp Asn
130 135 140 145

ctt ctg ttc ggt gat gaa att ate act aat ggt ttt cat tec tgt gaa 536
Leu Leu Phe Gly Asp Glu He He Thr Asn Gly Phe His Ser Cys Glu

150 155 160

agt gat gag gag gat aga gee tea cat gca age tct agt gac tgg act
Ser Asp Glu Glu Asp Arg Ala Ser His Ala Ser Ser Ser Asp Trp Thr

165 170 175

584
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cca agg cca egg ata ggt cca tat act ttt gtt cag caa cat ctt atg 632
Pro Arg Pro Arg lie Gly Pro Tyr Thr Phe Val Gin Gin His Leu Met

180 185 190

att ggc aca gat cat cga aca att ctt aaa gat tta ttg ccg gaa aca 680
lie Gly Thr Asp Pro Arg Thr He Leu Lys Asp Leu Leu Pro Glu Thr

195 200 205

ata act cca cct gag ttg gat gat atg aca ctg tgg cag att gtt att 728
lie Pro Pro Pro Glu Leu Asp Asp Met Thr Leu Trp Gin He Val He
210 215 220 225

aat ate ctt tea gaa cca cca aaa agg aaa aaa aga aaa gat att aat 776
Asn He Leu Ser Glu Pro Pro Lys Arg Lys Lys Arg Lys Asp He Asn

230 235 240

aca att gaa gat get gtg aaa tta ctg caa gag tgc aaa aaa att ata 824
Thr He Glu Asp Ala Val Lys Leu Leu Gin Glu Cys Lys Lys He He

245 250 255

gtt eta act gga get ggg gtg tct gtt tea tgt gga ata cct gae ttc 872
Val Leu Thr Gly Ala Gly Val Ser Val Ser Cys Gly He Pro Asp Phe

260 265 270

agg tea agg gat ggt att tat get cgc ctt get gta gae ttc eea gat 920
Arg Ser Arg Asp Gly He Tyr Ala Arg Leu Ala Val Asp Phe Pro Asp

275 280 285

ctt cca gat cct caa geg atg ttt gat att gaa tat ttc aga aaa gat 968
Leu Pro Asp Pro Gin Ala Met Phe Asp He Glu Tyr Phe Arg Lys Asp
290 295 300 305

cca aga cca ttc ttc aag ttt gca aag gaa ata tat cct gga eaa ttc 1016
Pro Arg Pro Phe Phe Lys Phe Ala Lys Glu He Tyr Pro Gly Gin Phe

310 315 320

cag cca tct etc tgt cac aaa ttc ata gee ttg tea gat aag gaa gga 1064
Gin Pro Ser Leu Cys His Lys Phe He Ala Leu Ser Asp Lys Glu Gly

325 330 335

aaa eta ctt cgc aac tat ace cag aae ata gae aeg ctg gaa cag gtt 1112
Lys Leu Leu Arg Asn Tyr Thr Gin Asn He Asp Thr Leu Glu Gin Val

340 345 350

gcg gga ate caa agg ata att cag tgt cat ggt tec ttt gca aca gca 1160
Ala Qly He Gin Arg He He Gin Cys His Gly Ser Phe Ala Thr Ala

355 360 365

tct tgc ctg att tgt aaa tac aaa gtt gae tgt gaa get gta cga gga 1208
Ser Cys Leu He Cys Lys Tyr Lys Val Asp Cys Glu Ala Val Arg Gly
370 375 380 385

gat att ttt aat cag gta gtt cct cga tgt cct agg tgc cca get gat 1256
Asp He Phe Asn Gin Val Val Pro Arg Cys Pro Arg Cys Pro Ala Asp

390 395 400

gaa ccg ctt get ate atg aaa eea gag att gtg ttt ttt ggt gaa aat 1304
Glu Pro Leu Ala He Met Lys Pro Glu He Val Phe Phe Gly Glu Asn

405 410 415

tta cca gaa cag ttt cat aga gee atg aag tat gae aaa gat gaa gtt 1352
Leu Pro Glu Gin Phe His Arg Ala Met Lys Tyr T^p Lys Asp Glu Val

420 425 430

gae etc etc att gtt att ggg tct tec etc aaa gta aga cca gta gca 1400
Asp Leu Leu He Val He Gly Ser Ser Leu Lys Val Arg Pro Val Ala

435 440 445
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eta att cca agt tec ata ccc cat gaa gtg cct cag ata tta att aat 1448

Leu lie pro Ser Ser lie Pro His Glu Val Pro Gin lie Leu lie Asn

450 455 460 465

aga gaa cct ttg cct cat etg cat ttt gat gta gag ctt ctt gga gac 1496

Arg Glu Pro Leu Pro His Leu His Phe Asp Val Glu Leu Leu Gly Asp

470 475 480

tgt gat gtc ata att aat gaa ttg tgt cat agg tta ggt ggt gaa tat 1544

Cys Asp Val He He Asn Glu Leu Cys His Arg Leu Gly Gly Glu Tyr

485 490 495

gcc aaa ctt tgc tgt aac cct gta aag ctt tea gaa att act gaa aaa 1592

Ala Lys Leu Cys Cys Asn Pro Val Lys Leu Ser Glu He Thr Glu Lys

500 505 510

cct cca cga aca caa aaa gaa ttg get tat ttg tea gag ttg cca ccc 1640

Pro Pro Arg Thr Gin Lys Glu Leu Ala Tyr Leu Ser Glu Leu Pro Pro

515 520 525

aca cct ctt eat gtt tea gaa gac tea agt tea cca gaa aga act tea

Thr Pro Leu His Val Ser Glu Asp Ser Ser Ser Pro Glu Arg Thr Ser

530 535 540 545

cag atg gaa aat ceg gat ttg aag aat gtt ggt tet agt act ggg gag

Gin Met Glu Asn Pro Asp Leu Lys Asn Val Gly Ser Ser Thr Gly Glu

595 600 605

tat tea gac tct gaa gat gac gtc tta tec tet agt tet tgt gge agt

Tyr Ser Asp Ser Glu Asp Asp Val Leu Ser Ser Ser Ser Cys Gly Ser

660 665 670

1688

cca cca gat tct tea gtg att gtc aca ctt tta gac caa gca get aag 1736

Pro Pro Asp Ser Ser Val He Val Thr Leu Leu Asp Gin Ala Ala Lys

550 555 560

agt aat gat gat tta gat gtg tct gaa tea aaa ggt tgt atg gaa gaa 1784

Ser Asn Asp Asp Leu Asp Val Ser Glu Ser Lys Gly Cys Met Glu Glu

565 570 575

aaa cca cag gaa gta caa act tct agg aat gtt gaa agt att get gaa 1832

Lys Pro Gin Glu Val Gin Thr Ser Arg Asn Val Glu Ser He Ala Glu

580 585 590

1880

aaa aat gaa aga act tea gtg get gga aca gtg aga aaa tgc tgg cct 1928

Lys Asn Glu Arg Thr Ser Val Ala Gly Thr Val Arg Lys Cys Trp Pro

610 615 620 625

aat aga gtg gca aag gag cag att agt agg egg ctt gat ggt aat cag 1976

Asn Arg Val Ala Lys Glu Gin He Ser Arg Arg Leu Asp Gly Asn Gin
630 635 640

tat etg ttt ttg cca cca aat egt tac att ttc eat ggc get gag gta 2024

Tyr Leu Phe Leu Pro Pro Asn Arg Tyr He Phe His Gly Ala Glu Val

645 650 655

2072

aac agt gat agt ggg aca tgc cag agt cca agt tta gaa gaa ccc atg 2120

Asn Ser Asp Ser Gly Thr Cys Gin Ser Pro Ser Leu Glu Glu Pro Met

675 \ 680 685

gag gat gaa agt gaa att gaa gaa ttc tac aat ggc tta gaa gat gag 2168

Glu Asp Glu Ser Glu He Glu Glu Phe Tyr Asn Gly Leu Glu Asp Glu

690 695 700 705

cct gat gtt cca gag aga get gga gga get gga ttt ggg act gat gga 2216

Pro Asp Val Pro Glu Arg Ala Gly Gly Ala Gly Phe Gly Thr Asp Gly

710 715 720
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gat gat caa gag gca att aat gaa get ata tct gtg aaa cag gaa gta 2264
Asp Asp Gin Glu Ala He Asn Glu Ala He Ser Val Lys Gin Glu Val

725 730 735

aca gac atg aac tat cca tea aac aaa tea tag tgtaataatt gtgcaggtac 2317
Thr Asp Met Asn Tyr Pro Ser Asn Lys Ser

740 745

aggaattgtt ccaccagcat taggaacttt agcatgtcaa aatgaatgtt tacttgtgaa 2377

ctcgatagag caaggaaacc agaaaggtgt aatatttata ggttggtaaa atagattgtt 2437

tttcatggat aatttttaac ttcattattt ctgtacttgt acaaactcaa cactaacttt 2497

ttttttttta aaaaaaaaaa ggtactaagt atcttcaatc agctgttggt caagactaae 2557

tttcttttaa aggttcattt gtatgataaa ttcatatgtg tatatataat tttttttgtt 2617

ttgtctagtg agtttcaaca tttttaaagt tttcaaaaag ccatcggaat gttaaattaa 2677

tgtaaaggga cagctaatct agaccaaaga atggtatttt cacttttctt tgtaacattg 2737

aatggtttga agtactcaaa atctgttacg ctaaactttt gattctttaa cacaattatt 2737

tttaaacact ggcattttcc aaaactgtgg cagctaactt tttaaaatct caaatgacat 2857

gcagtgtgag tagaaggaag tcaacaatat gtggggagag cactcggttg tctttacttt 2917

taaaagtaat acttggtgct aagaatttca ggattattgt atttacgttc aaatgaagat 2977

ggcttttgta cttcctgtgg acatgtagta atgtctatat tggctcataa aactaacctg 3037

aaaaacaaat aaatgctttg gaaatgtttc agttgcttta gaaacattag tgcctgcctg 3097

gatcccctta gttttgaaat atttgccatt gttgtttaaa tacctatcac tgtggtagag 3157

cttgcattga tcttttccac aagtattaaa ctgccaaaat gtgaatatgc aaagcctttc 3217

tgaatctata ataatggtac ttctactggg gagagtgtaa tattttggac tgctgttttc 3277

cattaatgag gagagcaaca ggcccctgat tatacagttc caaagtaata agatgttaat 3337

tgtaattcag ccagaaagta catgtctccc attgggagga tttggtgtta aataccaaac 3397

tgctagccct agtattatgg agatgaacat gafcgatgtaa cttgtaatag cagaatagtt 3457

aatgaatgaa actagttctt ataatttatc tttatttaaa agcttagcct gccttaaaac 3517

tagagatcaa ctttctcagc tgcaaaagct tctagtcttt caagaagttc atactttatg 3577

aaattgcaca gtaagcattt atttttcaga ccatttttga acatcactcc taaattaata 3637

aagtattcct ctgttgcttt agtatttatt acaataaaaa gggtttgaaa tatagctgtt 3697

ctttatgcat aaaacaccca gctaggacca ttactgccag agaaaaaaat cgtattgaat 3757

ggccatttcc ctacttataa gatgtctcaa tctgaattta tttggctaca ctaaagaatg 3817

cagtatattt agttttccat ttgcatgatg tttgtgtgct atagatgata ttttaaattg 3877

aaaagtttgt tttaaattat ttttacagtg aagactgttt tcagctcttt ttatattgta 3937

catagtcttt tatgtaattt actggcatat gttttgtaga ctgtttaatg actggatatc 3997

ttccttcaac ttttgaaata caaaaccagt gttttttact tgtacactgt tttaaagtct 4057

attaaaattg tcatttgact tttttetgtt aaaaaaaaaa aaaaaaaaaa 4107
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<210> 2

<211> 747

<212> PRT
<213> homo sapiens

<400> 2

Met Ala Asp Glu Ala Ala Leu Ala Leu Gin Pro Gly Gly Ser Pro Ser15 10 15

Ala Ala Gly Ala Asp Arg Glu Ala Ala Ser Ser Pro Ala Gly Glu Pro

20 25 30

Leu Arg Lys Arg Pro Arg Arg Asp Gly Pro Gly Leu Glu Arg Ser Pro

35 40 45

Gly Glu Pro Gly Gly Ala Ala Pro Glu Arg Glu Val Pro Ala Ala Ala

50 55 ' 60

Arg Gly Cys Pro Gly Ala Ala Ala Ala Ala Leu Trp Arg Glu Ala Glu

65 70 75 80

Ala Glu Ala Ala Ala Ala Gly Gly Glu Gin Glu Ala Gin Ala Thr Ala
85 90 95

Ala Ala Gly Glu Gly Asp Asn Gly Pro Gly Leu Gin Gly Pro Ser Arg
100 105 110

Glu Pro Pro Leu Ala Asp Asn Leu Tyr Asp Glu Asp Asp Asp Asp Glu
115 120 125

Gly Glu Glu Glu Glu Glu Ala Ala Ala Ala Ala lie Gly Tyr Arg Asp
130 135 140

Asn Leu Leu Phe Gly Asp Glu lie He Thr Asn Gly Phe His Ser Cys

145 150 155 160

Glu Ser Asp Glu Glu Asp Arg Ala Ser His Ala Ser Ser Ser Asp Trp
165 170 175

Thr Pro Arg Pro Arg He Gly Pro Tyr Thr Phe Val Gin Gin His Leu
180 185 190

Met He Gly Thr Asp Pro Arg Thr He Leu Lys Asp Leu Leu Pro Glu
195 200 205

Thr He Pro Pro Pro Glu Leu Asp Asp Met Thr Leu Trp Gin He Val

210 215 220

He Asn He Leu Ser Glu Pro Pro Lys Arg Lys Lys Arg Lys Asp He
225 230 235 240
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Asn Thr He Glu Asp Ala Val Lys Leu Leu Gin Glu Cys Lys Lys He
245 250 255

lie Val Leu Thr Gly Ala Gly Val Ser Val Ser Cys Gly He Pro Asp
260 265 270

Phe Arg Ser Arg Asp Gly He Tyr Ala Arg Leu Ala Val Asp Phe Pro
275 280 285

Asp Leu Pro Asp Pro Gin Ala Met Phe Asp He Glu Tyr Phe Arg Lys
290 295 300

Asp Pro Arg Pro Phe Phe Lys Phe Ala Lys Glu He Tyr Pro Gly Gin
305 310 315 320

Phe Gin Pro Ser Leu Cys His Lys Phe He Ala Leu Ser Asp Lys Glu
325 330 335

Gly Lys Leu Leu Arg Asn Tyr Thr Gin Asn He Asp Thr Leu Glu Gin
340 345 350

Val Ala Gly He Gin Arg He He Gin Cys His Gly Ser Phe Ala Thr
355 360 365

Ala Ser Cys Leu He Cys Lys Tyr Lys Val Asp Cys Glu Ala Val Arg
370 375 380

Gly Asp He Phe Asn Gin Val Val Pro Arg Cys Pro Arg Cys Pro Ala
385 390 395 400

Asp Glu Pro Leu Ala He Met Lys Pro Glu He Val Phe Phe Gly Glu
405 410 415

Asn Leu Pro Glu Gin Phe His Arg Ala Met Lys Tyr Asp Lys Asp Glu
420 425 430

Val Asp Leu Leu He Val He Gly Ser Ser Leu Lys Val Arg Pro Val
435 440 445

Ala Leu He Pro Ser Ser He Pro His Glu Val Pro Gin He Leu He
450 455 460

Asn Arg Glu Pro Leu Pro His Leu His Phe Asp Val Glu Leu Leu Gly
465 470 475 480

Asp Cys Asp Val He He Asn Glu Leu Cys His Arg Leu Gly Gly Glu
485 490 495

Tyr Ala Lys Leu Cys Cys Asn Pro Val Lys Leu Ser Glu He Thr Glu
500 505 510
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Lys Pro Pro Arg Thr Gin Lys Glu Leu Ala Tyr Leu Ser Glu Leu Pro

515 520 S25

pro Thr Pro Leu His Val Ser Glu Asp Ser Ser Ser Pro Glu Arg Thr

530 535 540

Ser Pro Pro Asp Ser Ser Val He Val Thr Leu Leu Asp Gin Ala Ala

545 550 555 560

Lys Ser Asn Asp Asp Leu Asp Val Ser Glu Ser Lys Gly Cys Met Glu

565 570 575

Glu Lys Pro Gin Glu Val Gin Thr Ser Arg Asn Val Glu Ser He Ala
^

580 585 590

Glu Gin Met Glu Asn Pro Asp Leu Lys Asn Val Gly Ser Ser Thr Gly

595 600 605

Glu Lys Asn Glu Arg Thr Ser Val Ala Gly Thr Val Arg Lys Cys Trp

610 615 620

Pro Asn Arg Val Ala Lys Glu Gin He Ser Arg Arg Leu Asp Gly Asn

625 630 635 640

Gin Tyr Leu Phe Leu Pro Pro Asn Arg Tyr He Phe His Gly Ala Glu

645 650 655

Val Tyr Ser Asp Ser Glu Asp Asp val Leu Ser Ser Ser Ser Cys Gly

660 665 670

Ser Asn Ser Asp Ser Gly Thr Cys Gin Ser Pro Ser Leu Glu Glu Pro

675 680 685

Met Glu Asp Glu Ser Glu He Glu Glu Phe Tyr Asn Gly Leu Glu Asp

690 695 700

Glu Pro Asp val Pro Glu Arg Ala Gly Gly Ala Gly Phe Gly Thr Asp

705 710 715 720

Gly Asp Asp Gin Glu Ala He Asn Glu Ala He Ser Val Lys Gin Glu

725 730 735

val Thr Asp Met Asn Tyr Pro Ser Asn Lys Ser

740 745




